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Sir: 

I, Professor Angel Lopez, hereby declare as follows: 



1 , I am the Head of the Cytokine Receptor Laboratory, Division of Human 
Immunology, Institute of Medical and Veterinary Science, Frome Road, Adelaide SA 5000, 
Australia, 



2. I obtained my medical degree in 1 975 from the University of Rosario, Argentina, 
and my PhD in 1981 from the University of London. I have been working on cytokines and 
cytokine receptors since 1982, with the majority of my 169 publications in this area, I have 
published my work in the best peer-reviewed international journals such as Cell, Molecular Cell, 
Nature, PNAS, EMBO J, Blood, etc. I have been on the Editorial Board of Blood and also a 
reviewer for most of these journals (see enclosed CV), My work is highly cited (over 7,500 
citations to date) and I am frequently invited to international meetings such as the one held by 
the International Cytokine Society last year to talk about my work on cytokine receptors. A true 
and correct copy of my curriculum vitae is attached hereto as Exhibit 1. 
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3 + I have reviewed the above-identified application (hereinafter referred to as M the 
'568 application") and I am familiar with the subject matter disclosed and claimed therein. It is 
my understanding that as part of the invention, the r 568 application claims an isolated 
polypeptide comprising amino acids 28-426 or 28-342 of SEQ ID NO: 4, I have been asked to 
comment on the extent of descriptive support found in the r 568 application, as originally filed, 
for such claimed polypeptides. 

4, It is my opinion that that one skilled in the art would conclude that an isolated 
polypeptide comprising amino acids 28-426 or 28-342 of SEQ ID NO: 4 is supported by the '568 
application as originally filed and is part of the invention of the '568 application. My opinion is 
based on my review of the specification and drawings of the '568 application, as originally filed, 
and my consideration of the relevant art at the time the '568 application was first filed in 1996, 

5, It is my observation that the '568 application is based on the identification of a 
novel haemopoietin receptor, referred to as H NR4'\ NR4 is also referred to as the "IL-13 
receptor cc-chain" because the receptor interacts with IL-13. The ? 568 application discloses the 
amino acid and nucleotide sequences of both murine and human NR4, The full-length amino 
acid sequences for murine and human NR4 are set forth in SEQ ID NO: 2 and SEQ ID NO: 4, 
respectively. Among the various embodiments of the invention, the '568 application discloses 
isolated recombinant polypeptides comprising a sequence substantially as set forth in SEQ ID 
NO: 2 or 4, or part of the IL-13 receptor a-chain, which bind IL-13, and which maybe in soluble 
form or expressed on ceil surface, See page 9, lines 1-29 of the specification. Additional 
embodiments of the invention include pharmaceutical compositions containing an IL-13-binding 
portion of the receptor for use in modulating immune response and treating, e.g., inflammatory 
conditions. See page 1 8, lines 1- 14 and 21-23 of the specification, 

6, Prior to the filing of the '568 application in 1 996, the family of haemopoietin 
receptors were well documented in the art and certain features had been recognized as being 
conserved and characteristic amongst the family; for example, both conserved cysteine residues 
and a five amino acid motif (WSXWS) in the extracellular domain. The basic structure of 
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haemopoietin receptors was known and is illustrated, for example, in Plate 2 and Plate 3 
(Exhibit 2) of the "Guidebook to Cytokines and their Receptors", Nicos A. Nicola, A Sambrook 
and Tooze Publication, Editors, Oxford University Press, Oxford, New York, Tokyo 1994. 
Exhibit 2 shows that haemopoietin receptors have a single extracellular domain, transmembrane 
domain and cytoplasmic domain, 

7. The murine NR4 receptor disclosed in the '568 application is recognized as being 
a haemopoietin receptor and as having the characteristic structural elements of such a receptor: 
specifically an extracellular domain comprising amino acids 27-340 (including the conserved 
cysteine residues and the WSXWS motif), a single transmembrane domain, and a cytoplasmic 
domain. See page 37 of the '568 application. In addition, the sequence of SEQ ID NO: 2 is 
recognized as containing an N-terminal signal peptide. Figure 1 of the '568 application depicts 
the full amino acid sequence and the various domains and motifs of murine NR4, including the 
signal sequence (amino acids 1-26, shown as underlined), the extracellular domain comprising 
(amino acids 27-340), the transmembrane segment (amino acids 341-364, shown as underlined), 
the conserved cysteine residues (shown as bold) and the WSXWS motif (shown as bold), 
characteristic of the haemopoietin receptor family. See also the description of Figure 1 on page 
31 of the '568 application. Various references to the mature form of the murine NR4 protein are 
made throughout the '568 application, i.e. the protein without the signal sequence (see the 
description of Figure 7 on page 32, lines 1 9-26, Example 2 on page 35, lines 1 6-20, and Example 
12 on page 40, lines 1 1-26, for example). 

8. From these disclosures, it would be apparent to one skilled in the art that cleavage 
of the identified signal sequence would result in a mouse mature protein composed of T27 to 
P424 of SEQ ID NO: 2, and that this mature form of the protein is that which would normally be 
expressed on the cell surface. See also page 32, line 25 (description of Figure 7) of the '568 
application, referring to the mouse mature protein. It would also be apparent that amino acids 
T27-T340 represent the extracellular region of the mouse receptor, which would be readily 
appreciated by those skilled in the art to constitute a soluble form of the receptor that binds IL- 
13. Given the entirety of the '568 application, including especially the discussion of soluble and 
cell surface forms of the receptor, it is clear in my opinion that the '568 application has 
adequately disclosed the two murine polypeptides, T27 to P424 and T27-T340 of SEQ ID NO: 2 
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(representing the mature form and extracellular region of the murine receptor, respectively), as 
embodiments of the invention. 

9. The f 568 application also discloses the human IL-1 3 receptor ct~chain as SEQ ID 
NO: 4, At the time the '568 application was first filed in 1996, there was already a general 
acceptance in the art that human molecules, in this case, the human IL-13 receptor a-chain, 
would be more biologically relevant in humans than the murine counterpart, especially when 
therapeutic treatments of human patients are contemplated such as in the current application (see 
pages 1748). Given the references to both ceil surface and soluble forms of NR4 and the clearly 
expressed interest in the human forms of NR4, it is apparent that celt surface and soluble forms 
of human NR4 are also parts of the invention of the '568 application. The specification discloses 
in Example 1 1 (pages 39-40) that SEQ ID NO: 4 is the human homolog of murine IL-13 receptor 
a~chain, with a high level of identity, approximately 75%, to the murine protein at the amino 
acid level 

10. By the time the '568 application was filed, the art had already documented a 
number of approaches for identifying the signal peptide and transmembrane regions of encoded 
proteins. In fact, the detailed deconstruction of the murine IL-13 receptor a chain in Example 6 
of the '568 application evidences that appropriate means were available to one skilled in the art to 
determine the signal sequence and trans-membrane regions of a protein. A similar 
deconstruction of the human IL-13 receptor a chain is not specifically described in the f 568 
application, but I believe those skilled in the art could readily have applied known methods to 
make a determination of the signal peptide and transmembrane region of that protein. However, 
the '568 application has disclosed an alternative approach to allow the identification of the 
extracellular region and the mature full length form of the human IL-13 receptor a chain, i.e., the 
alignment approach discussed in more detail below. In addition, in my opinion, this approach 
naturally identifies the signal sequence and transmembrane regions of the protein, 

1 1 . Alignment of sequences of known related polypeptides is an alternative approach 
commonly used in the art for determining the various domains of proteins. For example, U,S. 
Patent 6,239,268 (Exhibit 3) describes a "Soluble Interteukin-1 Type 3 Receptor". The '268 
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patent was filed 9 September, 1994 (before the first filing of the present application in 1996) and 
refers to a protein which has an amino acid sequence corresponding to the extracellular region of 
an Interleukin-1 Type 3 receptor. At the paragraph bridging columns 3 and 4, it is stated: 

'The extracellular region of IL-1-3R may be readily determined by a 
hydrophobicity analysis utilizing a computer program such as 
PROTEAN (DNASTAR, Madison, Wis.), or by an alignment analysis 
with other known type 1 and type 2 Interieukia-1 receptors." 

12. Interestingly, Figure 2 of the '268 patent provides a summary of the homology of 
the human type 3 receptor with other known Interleukln4 receptors. It is noted that in each case, 
the homology is less than that observed for the murine and human NR4 of the present application 
(75%). 

13. In the f S68 application, mouse and human NR4 sequences are disclosed to share a 
very high percent (75%) of sequence identity, and differ in length by only two amino acids. 
Further, both human and murine receptors contain conserved cysteines and the WSXWS motif 
characteristic of the haemopoietin receptor family. Therefore, those skilled in the art would have 
readily obtained the same alignment between the two proteins, as presented in Figure 7 of the 
f 568 application. Once two highly homologous amino acid sequences from two different species 
are aligned, it is straightforward to translate the characterizations made about one of the 
sequences to the other, In the case of the f 568 application, it is immediately apparent from the 
alignment shown in Figure 7 that amino acids 28-342 of human SEQ ID NO; 4 correspond to the 
extracellular domain (amino acids 27-340) of the murine receptor; and that amino acids 28-426 
of human SEQ ID NO: 4 correspond to the mature form (amino acids 27-424) of the murine 
receptor, It is noted that Thr340 of the murine receptor is incorrectly numbered in Figure 7 as 
residue 341 ; the error arising from the gap that was introduced for the purposes of alignment 
after amino acid 193 of the murine receptor being counted as residue 1 94 rather than being 
ignored. The error is easily corrected by reference to the murine receptor shown in Figure 1 , 

14. In light of the foregoing discussion, it is my conclusion that the '568 application 
provides sufficient support for the polypeptides composed of amino acids 28*342 and amino 
acids 28-426 of SEQ ID NO: 4, respectively. Those skilled in the art would have naturally 
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arrived at the conclusion that these two polypeptides are part of the invention of the '568 
application, representing the soluble and cell surface forms of the human receptor respectively. 

15, I declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and that those statements 
were made with the knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment^ or both, under Section 1001 of Title 18 of the United States Code, and 
that such willful false statements may jeopardize the validity of the application or any patent 
issuing thereon, 



By: 
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EXHIBIT 1 



CURRICULUM VITAE 
Angel Francisco LOPEZ 



Born: 5 February 1953 - Rosario, Argentina. Australian Citizen 

Phone No: (+61 8) 8222-3471 Fax No: (+61 8) 8232-4092 
E-mail: angel .lopez @ imvs.sa.gov.au 

QUALIFICATIONS: 

1975 MB BS, School of Medicine, University of Rosario, Argentina. 

1981 PhD, National Institute for Medical Research, Mill Hill, Uni versity of London, UK 

1990 MRCP, Member of the Royal College of Pathologists, United Kingdom 

1993 FRCPA, Fellow of the Royal College of Pathologists of Australasia - Immunology 



POSITIONS HELD: 



1975- 1976 

1976- 1977 

1978-1980 
1981 

1982-1985 
1985-1991 
1991-1995 
1991 -Present: 



Sept 1993-Jan 1994: 
Sept 2000-Mar 2001: 
1995-Present: 

Jan 2007-Present; 



Resident in Clinical Medicine, Sanatorio Rosendo Garcia, Rosario, Argentina 
Clinical Research Fellow, Instituto de Biofisica, Universidade Federal de Rio de 
Janeiro, Rio de Janeiro, Brazil. 

Wellcome Trust Post-graduate Scholar, Clinical Research Centre, North wick Park 
Hospital, Harrow, England. 

Research Fellow, National Institute for Medical Research, Mill Hill, England. 
Research Fellow, the Clinical Research Unit, The Walter and Eliza Hall Institute 
of Medical Research, Melbourne. 

Head, Granulocyte Research Laboratory, Division of Human Immunology, 

Institute of Medical and Veterinary Science (IMVS), Adelaide. 

Clinical Associate Professor, Faculty of Medicine, University of Adelaide, South 

Australia. 

Head, Cytokine Receptor Laboratory, Division of Human Immunology, MVS, 
Adelaide 

Acting Head, Division of Human Immunology, IMVS, Adelaide. 
Acting Head, Division of Human Immunology, MVS, Adelaide. 
Clinical Professor, Faculty of Medicine, University of Adelaide, SA. 
and Deputy Head, Division of Human Immunology, MVS, Adelaide. 
Head, Division of Human Immunology, MVS, Adelaide. 



MEMBERSHIPS: 

Founding Member of the Hanson Centre for Cancer Research (now Hanson Institute) 

Australasian Society for Immunology Inc 

Australian Society of Biochemistry and Molecular Biology 

Australian Society for Medical Research 

International Cytokine Society 

American Association for the Advancement of Science 

Elected (2001) to the Asia ~ Pacific International Molecular Biology Network 

American Society of Hematology 

American Association of Immunologists 

Australasian Society of Clinical Immunology & Allergy (ASCIA) 



CURRICULUM VITAE 



AF LOPEZ 



REFEREE FOR THE FOLLOWING GRANTING AGENCIES: 

National Health and Medical Research Council Grants 
Human Frontiers Science Project 
Cooperative Research Centres 

Anti-Cancer Foundation of the Universities of South Australia; The Royal Adelaide Hospital; 
The Women's & Children's Hospital; The Cancer Council of Victoria; Leukaemia Foundation of 
Australia; National Heart Foundation of Australia; The New South Wales State Cancer Council; 
Western Australia Cancer Council; Queensland Cancer Fund; Tasmania Cancer Council; 
Arthritis Foundation of Australia; Asthma Foundation 



REFEREE FOR THE FOLLOWING JOURNALS: 

Proceedings of the National Academy of Sciences; Blood; Journal of Immunology; 
Journal of Clinical Investigation; Immunology and Cell Biology; Journal of Cellular Physiology; 
Growth Factors; Biochemistry; Journal of Leukocyte Biology; Peptide Research; Gene; Cytokines; 
International Immunology; Experimental Haematology; Journal of Biological Chemistry 

MEDICAL & SCIENTIFIC COMMITTEES: 

1 996- 2002 Australian Drug Evaluation Committee (TGA), Member of Pharmaceutical 

Sub-Committee 

1997- 2000 NH&MRC RGIC 

2001 -2003 NH&MRC Program Grants Committee 
2004-2005 NH&MRC Discipline Panels 

2007- Leukaemia Foundation of Australia: National Medical & Scientific Committee 



EDITORIAL BOARDS: 

1997- 2003 Blood 

1998- 2006 Immunology & Cell Biology 

RECENT PhD EXAMINATIONS: 

June 2007 - Andrew J Fleetwood, University of Melbourne 
May 2007 - Amy L Samuels, University of Western Australia 
April 2007 ~ Joanne L Eyles, University of Melbourne 
November 2005 - Seth L Masters, University of Melbourne 
June 2004 ~ Tulene S Kendrick, University of Western Australia 
September 2003 - Jason Gush, University of Otago, New Zealand 

RECENT INTERNATIONAL CONFERENCES: 

* New Directions in Leukaemia Research, Sunshine Coast, Qld, March/April 2008 (Invited 
Speaker). 

■ Gordon Research Conference "Biology of 14-3-3 Proteins", Ventura CA, USA, February 24-29, 
2008 (Invited Speaker). 

■ 49 th Annual Meeting & Exposition, American Society of Hematology, Atlanta, Georgia, 
December 8-12, 2007 (Selected Speaker). 

* 15 th International Conference on Cytokines, San Francisco, USA, October 26-30, 2007 and Shire 
Pharmaceuticals, Boston, November 1, 2007 (Invited Speaker). 
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13 th International Congress of Immunology, Rio de Janeiro, Brazil, August 21-25, 2007 
(Invited Speaker), 

Gordon Research Conference, Oxford, UK, August/September 2006 (Invited Speaker). 
1 1 th European Congress of Hematology, Amsterdam, Netherlands, June 2006. 
Thymoz I and Innate Immunity Symposium, Heron Island, Qld, April 2006. 
Keystone Symposium "Frontiers in Structural Biology", Keystone, Colorado, USA, 
January/February 2006, 

6* h International Peptide Conference, Hamilton Island, Qld, October 2005. 
19 th World Allergy Congress, Munich, Germany, June/July 2005. 

Lome Cancer Conference, Phillip Island, Victoria, Australia, February 2005 (Invited Speaker). 
Lome Protein Conference, Phillip Island, Victoria, Australia, February 2005 (Invited Speaker). 
Gordon Research Conference, "Biology of 14-3-3 Proteins", Ventura, USA, February 2004 
(Invited Speaker). 

Asia-Pacific International Molecular Biology Network, Tokyo, 2003 (Invited Speaker). 
Garvan Symposium - Sydney 2003 (Invited Speaker). 
International Society of Respirology, Taipei, 2002 (Invited Speaker). 
Apoptosis in Cancer, Capri, 2002 (Invited Speaker). 

International Cytokine Society, "Second Messengers & Phosphoproteins", Melbourne 2001 
(Invited Speaker). 

RECENT NATIONAL INVITATIONS: 

Invited Speaker at: 

» CSL, Melbourne -May 2008. 

■ Diamantina Institute, Brisbane - April 2008 

* Monash Institute of Medical Research, Melbourne - September 2007 
« Centenary Institute, Sydney - August 2007 

« JCSMR, Canberra - July 2007 

CONFERENCE ORGANISING COMMITTEES: 

■ Co-Founder 2003; Co-Chairman 2003 & 2005 and Chairman 2007 of "Science amongst the 
Vines" series of Barossa Meetings. 

* Co-Chairman of the International Committee to award the Clifford Prize for Cancer Research 
2005 and 2007, awarded at the "Science amongst the Vines" Barossa Meetings. 

■ Gordon Research Conference, Oxford, UK, August/September 2006. 
- COMBIO2005. 

• Hanson Symposia biannually, 1 986-2002. 

PAST RESEARCH FUNDING: 

■ National Institutes of Health, USA: 

"Role of Human IL-3 in Normal and Leukemic Myeloid Cells" 
1988- 1 990 (Average) US$82,000 pa 

1992- 1.993 (Average) US$1 12,000 pa 

"Activated Mutants as Probes of GM-CSF Receptor Function" 
1998-2001 US$136,000 pa 

2002-2007 "Novel 14-3-3 : Receptor Axis Control Cellular function" $250,000 pa 

• National Health & Medical Research Council Project Grants: 

1 987- 1989 "Mechanism of Action of CSF on Human Granulocytes" $33,000 pa 
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1 988 "Biological Properties of Recombinant Human DL-5 in vitro" $48,000 

1 989- 1 99 1 "The Role of IL-5 in Eosinophil Production and Function in Man" $6 1 ,000 pa 
1 99 1 - 1 993 "Regulation of the c-fins protein by tyrosine and serine phosphorylation" 

$40,000 pa 

■ Anti-Cancer Foundation of the Universities of South Australia: 

1 988- 1 989 "Regulation of leukaemia cell proliferation and differentiation by 

recombinant human IL-3" $24,000 pa 
1 990 "IL-3 and GM-CSF Receptor expression inhuman leukaemic cells" $34,000 

1995 "Anti-leukaemic potential of a human GM-CSF antagonist using a transgenic 

SCID mouse model" $22,285 
1986-1990 Rebecca M Cooper Foundation "The regulation of survival and proliferation of 

synovial macrophages in rheumatoid arthritis" $14,300 pa 

1 990- 1 99 1 Commonwealth Department of Health "Development and clinical application of 

monoclonal antibodies against HTLV-III env antigens" $76,700 pa 
1 993 Chan nel 7 children's Research Foundation "Measurement of EL-5 receptor in 

children with allergic disease" $37,400 
1 988-2003 National Centre for HIV Research $90,000 pa 

■ NH&MRC Program Grant" - "Leucocyte & Endothelial Cell Biology" 
1993-1996 $889,000 pa 

1997-2000 $929,000 pa 

2001-2005 $1,475,000 pa 

CURRENT FUNDING: 

2009 The Cancer Council South Australia - "Eradicating the leukaemic stem cell with 

specific therapy" - $89,750 
2009 Equipment grant for ImagePrep™ System - $78,760 

2009 Funding for South Australian Facility for Small & Large Molecule X-Ray 

Diffraction Structure from ARC-LIEF - $560,000 
2008-20 10 NH&MRC Project Grant - $585357 pa 

"Targeting the fl subunit of the IL-3, IL-5 & GM-CSF receptors as therapy 
for allergic inflammation" (P Foster & A Lopez) 
2005-2009 NH&MRC Program Grant - $926,993 pa 

"Leucocyte & Endothelial Cell Biology" 

(M Vadas, A Lopez, J Gamble & G Goodall) 
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PATENTS REGISTERED: 



Patent or 
PCT Number 


Title 


Priority Date 
& Publication 
Date 


Stage of Prosecution 


PCT/AU1994/ 
000432 


Haemopoietic Growth Factor 
Antagonists 


01/07/1994 
09/02/1995 


National Phase Entered. 
Granted: USA 


^aient lso. 
6177078 


Monoclonal antibody 
antagonist to haemopoietic 
growth factor 


29/12/1995 


iNatioruu rnase rsnterea. 
Granted: USA 


PCT/AU2000/ 
000382 


Haemopoietic Growth Factor 
Antagonists and Uses Therefor 


23/06/1995 
09/01/1997 


National Phase Entered. j 
Granted: USA 


PCT/AUI997/ 
00049 


Cytokine Antagonists and 
Agonists 


30/01/1996 
07/08/1997 


National Phase Entered, Granted: 
Australia, Europe, Belgium, Italy, 
Netherlands, United Kingdom, 
Switzerland, Germany and USA 


PCT/AU2000/ 
001118 


A Binding Motif of a Receptor 


15/09/1999 
22/03/2001 


National Phase Entered. 
Granted: Australia 
Pending: USA, Europe and 
Australia (Divisional Application) 


Patent Nos: 
Australia -760927 
France, Europe, UK, 
Belgium, Sweden, 
Switzerland, Italy, & 
Ireland - all 1105426 
Germany - 69925279.2-08 
US - 6,720,155 


Monoclonal 
Antibody Inhibitors 
ofGM-CSF IL-3and 
IL-5 and other 
Cytokines and uses 
thereof 


13/08/1998 


National Phase Entered. 
Granted: Australia, France, 
Europe, United Kingdom, 
Belgium, Sweden, Switzerland, 
Italy and Ireland. 
Germany and USA 


PCT/AU2000/ 
00079 


Cytokine-Binding Domain 


08/02/1999 
17/08/2000 


National Phase Entered. Granted: 
Australia, 

Pending: Europe, Japan, Canada, 
South Africa 


PCT/AU2004/ 
001482 


A Bidentate Motif and 
Methods of Use 


27/10/2003 
06/05/2005 


National Phase Entered. Pending: 
Australia, USA, Europe and Japan 


PCT/AU2004/ 
001480 


A Binding Motif and Methods 
of Regulating Cell Function 


27/10/2003 
06/05/2005 


National Phase Entered. Pending: 
Australia, USA, Europe and Japan 


PCT/AU2005/ 
000220 


Method of modulating cellular 
processes 


20/2/2004 
01/09/2005 


National Phase Entry Due 20 Aug 
2006 


PCT/AU2007/ 
001674 


Crystalline Composition of 
GM-CSF/GM-CSFR 


03/11/2006 
08/05/2008 


03/1 1/06: Provisional filed. 
Int filing date: 01/1 1/2007 
Publication No: WO/2008/052277 
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H Factor as at February 2008: 45 

Total number of citations: over 7,500 

Average number of citations per year (1989-2007): 272 

Number of publications cited over 100 times: 18 

PUBLICATIONS: 
Total Number: 169 
Top 10 Publications: 

1 . CJ Sanderson, AF LOPEZ and MM Bunn Moreno, Eosinophils and not lymphoid K cells kill 
Trypanosoma cruzi epimastigotes. Nature 268:340-341, 1977. 

2. CJ Sanderson, MM Bunn Moreno and AF LOPEZ, Antibody-dependent cell-mediated 
cytotoxicity of Trypanosoma cruzi: the release of tritium-labelled RNA, DNA and protein. 
Parasitology 76:299-307, 1978. 

3. AF LOPEZ, MM Bunn Moreno and CJ Sanderson. The lysis of Trypanosoma cruzi 
epimastigotes by eosinophils and neutrophils, International Journal of Parasitology 8:485- 
489, 1978. 

4. AF LOPEZ, M Strath and CJ Sanderson, IgG and complement receptors on purified mouse 
eosinophils and neutrophils. Immunology 43:779-786, 1981, 

5. AF LOPEZ and CJ Sanderson, Antibody-dependent, cell-mediated cytotoxicity of nucleated 
mammalian cells by rat eosinophils and neutrophils. International Archives of Allergy and 
Applied Immunology 67:200-205, 1982, 

6. AF LOPEZ, R Ribeiro dos Santos and CJ Sanderson. Antibody-dependent cytotoxicity of 
Trypanosoma cruzi antigen-coated murine cell line cells by mouse eosinophils and 
neutrophils. Parasite Immunology 5:77-84, 1983, 

7. AF LOPEZ, M Strath and CJ Sanderson. Mouse immunoglobulin isotypes mediating 
cytotoxicity of target cells by eosinophils and neutrophils. Immunology 48:503-509, 1983, 

8. AF LOPEZ, NA Nicola, AB Burgess, D Metcalf, FL Battye, WA Sewell and MA Vadas. 
Activation of granulocyte cytotoxic function by purified mouse colony-stimulating factors. 
Journal of Immunology 131:2983-2988, 1983, 

9. AF LOPEZ, M Strath and CJ Sanderson. Differentiation antigens on mouse eosinophils and 
neutrophils identified by monoclonal antibodies, British Journal of Haematology 57:489- 
494, 1984. 

10. AF LOPEZ, GF Burns and I Stanley, Epitope diversity of monoclonal antibodies revealed by 
cross-species reactivity. Molecular Immunology 21:371-374, 1984, 

11. AF LOPEZ, T Triglia, J Werkmeister and GF Burns, A mature myeloid differentiation 
antigen identified on human natural killer cells. Australian Journal of Experimental 
Biology & Medical Science 62:445-451, 1984. 

12. MA Vadas, AF LOPEZ. Regulation of granulocyte function by colony-stimulating factors, 
Lymphokine Research 3:45-50, 1984, 

13. AF LOPEZ and MA Vadas. The stimulation of granulocyte function by monoclonal antibody 
WEM-G1. Proceedings of the National Academy of Science, USA 81:1818-1821, 1984. 

14. MA Vadas, N Nicola, AF LOPEZ, D Metcalf, G Johnson and A Pereira. Mononuclear cell- 
mediated enhancement of granulocyte function in man. Journal of Immunology 133:202- 
207, 1984. 

15. MA Vadas and AF LOPEZ. The regulation of granulocyte function by colony stimulating 
factors and monoclonal antibodies. In: "Lymphokines", Academic Press, Inc. 12:179-200, 
1985. 

16. AF LOPEZ, F Battye and M Vadas. Fc receptors on mouse eosinophils and neutrophils: 
antigenic characteristics, isotype specificity and relative cell membrane density measured by 
flow cytometry. Immunology 55:125-133, 1985. 
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17. G Begley, AF LOPEZ, M Vadas and D Metcalf The clonal proliferation in vitro of enriched 
populations of human promyelocytes and myelocytes. Blood 65:951-958, 1985. 

1 8. MA Vadas, AF LOPEZ and DJ Williamson. Selective enhancement of the expression of 
granulocyte-functional-antigens 1 and 2 on human neutrophils. Proceedings of the National 
Academy of Science, USA 82:2503-2508, 1 985. 

19. MA Vadas, AF LOPEZ, DJ Williamson and NA Nicola. The regulation of human 
granulocyte function. In: Cellular and Molecular Biology of Lymphokines. Ed. by Sorg, 
Schimpl and Landy. Orlando: Academic Press, 515-523, 1985. 

20. IA Pentilla, PL Ey, AF LOPEZ and CR Jenkin, Suppression of early immunity to 
Nematospiroides dubius in mice by selective depletion of neutrophils with monoclonal 
antibody. Australian Journal of Experimental Biology & Medical Science 63:531-543, 
1985. 

21 . AF LOPEZ, G Begley, P Andrews, A Butterworth and MA Vadas. Identification of a 
granulocyte functional antigen (GFA-2) involved in antibody-dependent cell-mediated 
cytotoxicity and phagocytosis. Journal of Immunology 134:3969-3979, 1985. 

22. CG Begley, D Metcalf, AF LOPEZ and NA Nicola. Fractionated populations of normal 
human bone marrow cells respond to both human colony-stimulating factors with 
granulocyte-macrophage activity. Experimental Haematology 13:956-962, 1985. 

23. MA Vadas, C Clarke, NA Nicola and AF LOPEZ. Correlation between the stimulation of 
human neutrophil functional activity by monoclonal antibody and colony-stimulating-factor. 
Blood 66:738-741, 1985. 

24. D Metcalf, CG Begley, GR Johnson, NA Nicola, MA Vadas, AF LOPEZ, DJ Williamson, 
GG Wong, SC Clark and EA Wang. Biologic properties in vitro of a recombinant human 
granulocyte-macrophage colony-stimulating-factor. Blood 67:37-45, 1986. 

25. GF Burns, L Cosgrove, T Triglia, JA Beall, AF LOPEZ, J Werkmeister, C Glenn Begley, AP 
Haddad, AJF d' Apice, MA Vadas and JC Cawley. The Ilbllla glycoprotein complex which 
mediates platelet aggregation is directly implicated in leukocyte adhesion. Cell 45:269-280, 
1986. 

26. ❖❖AF LOPEZ, CG Begley, DJ Williamson, DJ Warren, MA Vadas and a Sanderson. 
Murine eosinophil differentiation factor: an eosinophil-specific colony-stimulating factor 
with activity for human cells. Journal of Experimental Medicine 163:1085-1099, 1986. 

27. P Hart, LK Spencer, A Nikoloutsopoulus, AF LOPEZ, MA Vadas, PJ McDonald and JJ 
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HOMOLOGY OF THE HUMAN 1L-1 TYPE 3 RECEPTOR WITH 
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INTERLEUKIN-l TYPE 3 RECEPTORS Within other embodiments, isolated nucleic acid molecules 

are provided in Sequence I IX No. 3, from nucleotide 

CROSS-REFERENCE TO RELATED number 89 to nucleotide number 1771. Within another 

APPLICATIONS embodiment, the nucleic acid molecules encode a protein 

5 having the amino acid sequence of Sequence LD. No, 4, 

This application is a continuation of U.S. patent applica- * f rom amino acid number 1 to amino acid number 561. 

Lion Sen No. 08/526,704, filed Sep. 11, 1995, now Nucleic acid molecules which encode IL-1 Type 3 receptors 

abandoned > which application is a continuation-in-part of of the present invention may be isolated from virtually any 

US, application Ser. No. 08/303,957, filed Sep. 9, 1994 now warm-blooded animal, including for example, humans, 

abandoned. 30 macaques, horses, cattle, sheep, pigs, dogs, cats, rats and 

mice. 

TECHNICAL FIELD Within related aspects of the present invention, isolated 

The present invention relates generally to cell surface nucl * ic ^ molecules are provided which encode soluble 

receptors, and more specifically, to lnterleukin-1 Type 3 lnterleukm-l Type 3 receptors. Withm one embodiment, the 

receptors. 15 i so ^ atcc * nucleic acid molecules comprise the sequence of 

nucleotides in Sequence 1 .D, No, 1 , from nucleotide number 

BACKGROUND OF THE INVENTION 129 to nucleotide number 1136. Within other embodiments, 

the isolated nucleic acid molecules encode a protein having 

Interleukin-l flL-l") is a cytokine which is known to be the amino add ^qumcc of Sequence ID. No. 2, from amino 

a key mediator of immunological and pathological responses add ntimber 1 t0 &mim acid oumber 336 , wjthin anoiher 

to stress, infection and antigenic challenge (Oppenheim et embodiment, the nucleic acid molecules comprise the 

aL, Immunol Today 7:45-46, 1986; Dmarello, PASEB J. sequence of nucleotides in Sequence LD. No. 3, from 

2:108-115, 1988; and Mizel, FASEB J. 3:2379-2388, 1989). n ^ c leotic!e number 89 to nucleotide number 1102. Within yet 

In addition, IL~1 is known to have a variety of effects on the anolher embodimenly the nucleic acid molecules encode a 

brain and central nervous system. For example, IL-1 has protein having lhe amin0 acid scqucn ce 0 f Sequence I.D. 

been postulated to be involved in the induction of fever No 4? ffom amino add niimber x t0 amino acid DUmber 338 

(Kluger, Physiol Rev 71:93-1 27, 1991), increased duration M above? nucleic acid molecules which encode soluble IL-1 

of slow wave sleep (Opp et aL, Am. 7. Physiol Type 3 receptors of the present invention may be isolated 

260:R52-R58» 1991), decreased appetite (McCarthy et aL, from virmaWy any warm-blooded animal, including for 

Am. J, Clin. Nun 42:1179-1182, 1985), activation of the example, humans, macaques, horses, cattle, sheep, pigs, 

hypothalamic-pituitary-adrenal ("HPA") axis (Woloski ei dogs cats rats and mice 

aL, Science 230:1035-1037, 1985) and inhibition of the ^ixhrn other aspects of the present invention, expression 

hypothalamic-pituuary-gonadal axis (River and Valerate- vectQfS ^ which ^ capaMe of expressing the 

cntwhgy 124:2105-2109, 1989). ■ above-described nucleic acid molecules. Within one 

In light of the above-noted effects of IL-1 (as well as $s embodiment, such vectors comprise a promoter operably 

many others), substantial effort has been undertaken in order linked to one of the above-described nucleic acid molecules, 

to identify receptors for ILL Briefly, at least two types of Within other embodiments, recombinant viral vectors are 

receptors are known lo be expressed on the surface of certain provided which are capable of directing the expression of 

immune cells in both human and murine derived lines. Type one 0 f ^ above described nucleic acid molecules. Repre- 

I receptors bind both IL-la and IL-lp, and can be found on 4Q $e ntative examples of such viral vectors include retroviral 

T cells, fibroblasts, keradnocytes, endothelial cells, synovial vectors, adenoviral vectors, and herpes simplex virus vec- 

lining ceils, chondrocytes and hepatocyies (U.S. Pat. Nos. tors . Also provided by the present invention are host cells 

4,968,607, 5,081,228, and 5,180,812; Chizzonite ei aL, containing one of the above-described recombinant vectors. 
PNAS 86:8029-8033, 1989; Dinarello et aL, Blood Within other aspects of the presem invention, isolated 

77:1627-1652, 1991). Type II receptors can be found on 45 j Rte rleufciD-l Type 3 receptors are provided. Within one 

various B cell lines, including the Raji human B-cell lyrn- embod imeni, such receptors have the amino acid sequence 

phoroa line (Bomsztyk et aL, PNAS 86:8034-8038, 1989; of Sequence LD. No. 2, from amino acid number 1 to amino 

Horuk et aL, J. Biol Chem. 262:16275-46278, 1987; Horuk add nijmber 562 . Within another embodiment, the receptors 

and McCubrey, Biochem. J. 260:657-663, 1989). have the se quence of Sequence LD. No. 4, from amino acid 

The present invention provides new, previously uniden- 50 oumber 1 to amino acid number 561. Within yet further 

lifted interleukin receptors, designated Interleukin-l Type 3 aspects of the invention, isolated soluble Interleukin-l Type 

receptors ("IL-1-3R"). In addition, the present invention 3 receptors are provided. Within one embodiment, the 

provides compositions and methods which utilize such isolated soluble lnterleukin-1 Type 3 receptors have the 

receptors, as well as other, related advantages. amino acid sequence of Sequence LD. No. 2, from amino 

™ x*a»v tuc TxnmxmnM 55 aci(1 num ^ er 3 to amino acid number 336. Within another 

SUMMARY Oh I HE INVENTION embodiment, the soluble receptors have the sequence of 

Briefly slated* the present invention provides coroposi- Sequence LD, No. 4, from amino acid number 1 to amino 

tions and methods which comprise Interleukin-l Type 3 acid number 338. 

receptors. Within one aspect of the present invention isolated Within other aspects of the invention, isolated antibodies 

nucleic acid molecules are provided which encode 60 capable of specifically binding to an Interleukin-l Type 3 

Imerleukm-1 Type 3 receptors. Within one embodiment, the receptor are provided. Within one embodiment, the antibody 

isolated nucleic acid molecules comprise the sequence of may be selected from the group consisting of polyclonal 

nucleotides in Sequence I.D. No. 1, from nucleotide number antibodies, monoclonal antibodies, and antibody fragments. 

129 to nucleotide number 1814. Within another Within other embodiments, antibodies are provided which 

embodiment, the isolated nucleic acid molecules encode a 65 are capable of blocking the binding of IL-1 to an 

protein having the amino acid sequence of Sequence LD. fnterleukin-1 Type 3 receptor. Within preferred 

No. 2, from amino acid number 1 to amino acid number 562. embodiments, the antibody is selected from the group con- 
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sisting of murine and human antibodies. In addition to 
antibodies, the present invention also provides hybridomas 
which produces an antibody as described above. 

Within yet another aspect of the present invention, nucleic 
acid molecules are provided which are capable of specifi- 
cally hybridizing to a nucleic acid molecule encoding any of 
the Interleukin-1 Type 3 receptors described above. Such 
molecules may be between at least "y" nucleotides long, 
wherein M y" is any integer between 14 and 2044, and 
furthermore, may be selected suitable for use as probes or 
primers described below. Particularly preferred probes of the 
present invention are at least 18 nucleotides in length. 

These and other aspects of the present invention will 
become evident upon reference to the following detailed 
description and attached drawings. In addition, various 
references are set forth below which describe in more detail 
certain procedures or compositions (e.g., plasmids, etc.), and 
are therefore incorporated by reference in their entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates a rat IL-1 type 3 receptor. 

FIG. 2 is a table which lists the homology of a human IL-1 
type 3 receptor with its rat homologue, and other interleukin 
receptors, 

FIG. 3 is a graph which shows stimulation of a reporter 
product via a human IL-1 type 3 receptor, 

FIG, 4 is a graph which shows the expression pattern of 
the IL-1 Type 3 receptor based upon RNA protection assays. 

FIGS, 5A and B are two graphs which show inhibition of 
thymocyte proliferation by soluble IL-1 recepiors.z 

DETAILED DESCRIPTION OF THE 
INVENTION 

Definitions 

Prior to setting forth the invention, it may be helpful to an 
understanding thereof to set forth definitions of certain terms 
to be used hereinafter. 

*Interleukin-l Type 3 Receptors" ('TL-1-3R") refers to 
receptor proteins which bind Interleukin -1 (a or p), and, 
when expressed on a cell surface, transduce the signal 
provided by Interleukin-1 to the cell, thereby mediating a 
biological effect within the cell. In their native configuration, 
IL-1 Type 3 receptors exist as membrane bound proteins, 
consisting of an extracellular domain, transmembrane 
domain, and intracellular domain (see FIG. 1), IL-1-3R may 
be distinguished from other Interleukin-1 receptors based 
upon criteria such as affinity of substrate binding, tissue 
distribution, and sequence homology. For example, IL-1-3R 
of the present invention should be greater than 50% 
homologous, preferably greater than 75% to 80% 
homologous, more preferably greater than 85% to 90% 
homologous, and most preferably greater than 92%, 95%, or 
97% homologous to the IL-1-3R disclosed herein (e,g,, 
Sequence I.D. No. 1). As utilized within the context of the 
present invention, IL1-3R should be understood to include 
not only the proteins which are disclosed herein, but sub- 
stantially similar derivatives and analogs as discussed 
below. 

"Soluble Interleukin-1 Type 3 Receptor" ("sILl~3R") 
refers to a protein which has an amino acid sequence 
corresponding to the extracellular region of an Interieukin-1 
Type 3 receptor. Hie extracellular region of IL-1-3R may be 
readily determined by a hydrophobicity analysis utilizing a 
computer program such as PROTEAN (DNASTAR, 
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Madison, Wis.), or by an alignment analysis with other 
known type 1 and type 2 Interleukin-1 receptors. 

"Nucleic acid molecule" refers to a nucleic acid polymer 
or nucleic acid sequence, which exists in the form of a 

5 separate fragment or as a component of a larger nucleic acid 
construct. The nucleic acid molecule must have been derived 
from nucleic acids isolated at least once in substantially pure 
form, (i.e., substantially free of contaminating endogenous 
materials), and in a quantity or concentration enabling 

10 identification and recovery. Such sequences are preferably 
provided in the form of an open reading frame uninterrupted 
by internal nontranslated sequences, or introas. As utilized 
herein, nucleic acid molecules should be understood to 
include deoxyribonucleic acid ("DNA") molecules 

as (including genomic and cDNA molecules), ribonucleic acid 
("RNA") molecules, hybrid or chimeric nucleic acid mol- 
ecules (e.g., DNA-RNA hybrids), and where appropriate, 
nucleic acid molecule analogs and derivatives (e.g., peptide 
nucleic acids ("PNA ?> )). Nucleic acid molecules of the 

2Q present invention may also comprise sequences of non- 
translated nucleic acids where such additional sequences do 
not interfere with manipulation or expression of the open 
reading frame (e.g., sequences which are 5' or 3* from the 
open reading frame). 

25 "Recombinant expression vector^ refers to a replicable 
nucleic acid construct used either to amplify or to express 
nucleic acid sequences which encode IL-1 Type 3, or slL-1 
Type 3 receptors. This construct comprises an assembly of 
(1) a genetic element or elements having a regulatory role in 

30 gene expression, for example, promoters, and (2) the struc- 
tural or coding sequence of interest. The recombinant 
expression vector may also comprise appropriate transcrip- 
tion and translation initiation and termination sequences. 
As noted above, the present invention provides isolated 

35 nucleic acid molecules encoding Interleukin-1 Type 3 recep- 
tors. One representative IL-1 Type 3 receptor which may be 
obtained utilizing the methods described herein (see, e.g., 
Example 1) is schematically illustrated in FIG. 1. Briefly, 
this IL-1 Type 3 receptor (sec Sequence LD. Nos. 1 and 2) 

40 is composed of an Extracellular N~termmal Domain (amino 
acids 1-336), a Transmembrane Domain (amino acids 
337-357), and a C-lerminal Intracellular Domain 
(358-562). 

Although the above IL-1 Type 3 receptor has been pro- 

45 vided for purposes of illustration (see also Sequence I.D. 
Nos. 3 and 4), the present invention should not be so limited. 
In particular, "IL-1-3R" and "slL»l~3R" as utilized herein 
should be understood to include a wide variety of IL-1 Type 
3 receptors which are encoded by nucleic acid molecules 

50 that have substantial similarity to the sequences disclosed in 
Sequences LD. Nos. 1 and 3. As utilized within the context 
of the present invention, nucleic acid molecules which 
encode 1L~1 Type 3 receptors are deemed to be substantially 
similar to those disclosed herein if: (a) the nucleic acid 

55 sequence is derived from the coding region of a native IL-1 
Type 3 receptor gene (including, for example, allelic varia- 
tions of the sequences disclosed herein); (b) the nucleic acid 
sequence is capable of hybridization to nucleic acid 
sequences of the present invention under conditions of either 

60 moderate (e.g., 50% fonnamide, 5xSSPE, SxDenhardt's, 
0.1% SDS, 100 ug/ml Salmon Sperm DNA, and a tempera- 
ture of 42° C.) or high stringency (see Sambrook et ai, 
Molecular Cloning: A Laboratory Manual, 2d Ed., Cold 
Spring Harbor Laboratory Press, NY, 1989); or (c) nucleic 

65 acid sequences are degenerate as a result of the genetic code 
to the nucleic acid sequences defined in (a) or (b). 
Furthermore, as noted above, although DNA molecules are 
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primarily referred to herein, as should be evident to one of 
skill in the art given the disclosure provided herein , a wide 
variety of related nucleic acid molecules may also be 
■utilized in various embodiments described herein, including 
for example, RNA, nucleic acid analogues, as well as 
chimeric nucleic acid molecules which may be composed of 
more than one type of nucleic acid. 

In addition, as noted above, within the context of the 
present invention "IL-i Type 3 receptors" and "soluble IL-1 
Type 3 receptors" should be understood to include deriva- 
tives and analogs of the IL-1 Type 3 receptors described 
above. Such derivatives include allelic variants and geneti- 
cally engineered variants that contain conservative amino 
acid substitutions and/or minor additions, substitutions or 
deletions of amino acids, the net effect of which does not 
substantially change the biological activity (e.g., signal 
transduction) or function of the Type 3 receptor. Such 
derivatives are generally greater than about 50% 
homologous, preferably greater than 75% to 80% 
homologous, more preferably greater than 85% to 90% 
homologous, and most preferably greater than 92%, 95% or 
97% homologous. Homology may be determined, for 
example, by comparing sequence information using the 
GAP computer program, version 6.0, available from the 
University of Wisconsin Genetics Computer Group 
(UWGCG). 

The primary amino acid structure of IL-1 Type 3 receptors 
may also be modified by derivatizing amino acid side chains, 
and/or the amino or carboxy termus with various functional 
groups, in order to allow for the formation of various 
conjugates (e.g., protein-IL-l-3R conjugates). Alternatively, 
conjugates of IL-1-3R (and slL-l-3R) may be constructed 
by recombinant^ producing fusion proteins. Such fusion 
proteins may comprise, for example, IL-l-3R-protem Z 
wherein protein Z is another cytokine receptor (e.g., IL-2R, 
IL-3R, IL-4R, IL-5R, IL-6R, IL-7R, IL-8R, JL-9R, IL-10R, 
1L-11R, IL-12R, IL-13R, IL-14R, IL-15R or TNF (a or p) 
receptor; see WO91/03553); a binding portion of an anti- 
body; a toxin (as discussed below); or a protein or peptide 
which facilitates purification or identification of IL-1-3R 
(e.g., poly-His) + For example, a fusion protein such as 
human IL-1-3R (His)„ or slL-l-3R (His),, may be con- 
structed in order to allow purification of the protein via the 
poly-His residue, for example, on a NTA nickel-chela ting 
column, The amino acid sequence of a IL-1 Type 3 receptor 
may also be linked to the peptide Asp-Tyr-Lys-Asp-Asp- 
Asp-Asp-Lys (DYKDDDDK) (Sequence LD. No. 5) (Hopp 
et al, Bio/Technology 6:1204, 1988) in order to facilitate 
purification of expressed recombinant protein. 

The present invention also includes 1L-1-3R (and sIL-1- 
3R) proteins which may be produced either with or without 
associated native-pattern glycosylation. For example, 
expression of 1L-1-3R DNAs in bacteria such as E, coli 
provides non-glycosytated molecules. In contrast^ 1L-1-3R 
expressed in yeast or mammalian expression systems (as 
discussed below) may vary in both glycosylation pattern and 
molecular weight from native IL-1-3R, depending on the 
amino acid sequence and expression system which is uti- 
lized. In addition, functional mutants of mammalian IL-1-3R 
having inactivated glycosylation sites may also be produced 
in a homogeneous, reduced-carbohydrate form, utilizing 
oligonucleotide synthesis, site-directed mutagenesis, or ran- 
dom mutagenesis techniques. Briefly, N-glycosylation sites 
in eukaryotic proteins are generally characterized by the 
amino acid triplet Asn-A a -Z, where A x is any amino acid 
except Pro, and Z is Ser or Thr. In this triplet, asparagine 
provides a side chain amino group for covalent attachment 
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of carbohydrate. Such sites may be eliminated by deleting 
Asn or Z, substituting another amino acid for Asn or for 
residue Z, or inserting a non-Z amino acid between A 3 and 
Z, or an amino acid other than Asn between Asn and A v 

$ Proteins which are substantially similar to IL-1-3R pro- 
teins may also be constructed by, for example, substituting 
or deleting various amino acid residues which are not 
required for biological activity. For example, cysteine resi- 
dues may be deleted or replaced with other amino acids to 

20 prevent formation of incorrect intramolecular disulfide 
bridges upon rcnatu ration. Similarly, adjaceni dibasic amino 
acid residues may be modified for expression in yeast 
systems in which KEX2 protease activity is present. 
Not all mutations in the nucleotide sequence which 

35 encodes IL-1 -3 R will be expressed in the final product. For 
example, nucleotide substitutions may be made in order to 
avoid secondary structure loops in the transcribed mRNA, or 
to provide codons that are more readily translated by the 
selected host, and thereby enhance expression within a 

20 selected host. 

Generally, substitutions at the amino acid level should be 
made conservatively, i.e., the most preferred substitute 
amino acids are those which have characteristics resembling 
those of the residue to be replaced. When a substitution, 

25 deletion, or insertion strategy is adopted, the potential effect 
of the deletion or insertion on biological activity should be 
considered utilizing, for example, the signalling assay dis- 
closed within the Examples. 

30 Mutations which are made to the sequence of the nucleic 
acid molecules of the present invention should generally 
preserve the reading frame phase of the coding sequences* 
Furthermore, the mutations should preferably not create 
complementary regions that could hybridize to produce 

35 secondary mRNA structures, such as loops or hairpins, 
which would adversely affect translation of the receptor 
mRNA. Although a mutation site may be predetermined, it 
is not necessary that the nature of the mutation per se be 
predetermined, For example, in order to select for optimum 

4Q characteristics of mutants at a given site, random mutagen- 
esis may be conducted at the target codon, and the expressed 
IL-1-3R mutants screened for the biological activity. Rep- 
resentative methods for random mutagenesis include those 
described by Ladner et al in U.S. Pat. Nos. 5,096,815; 

4S 5,198,346; and 5,223,409. 

As noted above, mutations may be introduced at particu- 
lar loci by synthesizing oligonucleotides containing a mutant 
sequence, Hanked by restriction sites enabling ligation to 
fragments of the native sequence. Following ligation, the 

50 resulting reconstructed sequence encodes an analog having 
the desired amino acid insertion, substitution, or deletion. 

Alternatively, site-directed mutagenesis procedures may 
be employed to provide an altered gene having particular 
codons altered according to the substitution, deletion, or 

55 insertion required. Exemplary methods of making the alter- 
ations set forth above are disclosed by Walder et al. (Gene 
42:133, 1986); Bauer et a!. (Gene 37:73, 1985); Craik, Bio 
Techniques, January 1985, 12-19); Smith et al. (Genetic 
Engineering: Principles and Methods, Plenum Press, 1981); 

60 Sambrook et al. (Molecular cloning: A Laboratory Manual, 
2d Ed., Cold Spring Harbor Laboratory Press, 1989); and 
U.S. Pat. Nos. 4,518,584 and 4,737,462, which are incor- 
porated by reference herein. 

IL-1 Type 3 receptors, as well as substantially similar 

65 derivatives or analogs may be used as therapeutic reagents, 
immunogens, reagents in receptor-based immunoassays, or 
as binding agents for affinity purification procedures. 
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Moreover, IL-1 Type 3 receptors of the present invention are functionally related to each other. For example, DNA for 

may be utilized to screen compounds for IL-1 Type 3 a signal peptide (secretory leader) is operably linked to DNA 

receptor agonist or antagonistic activity, IL-1 Type 3 recep- for a polypeptide if it is expressed as a precursor which 

tor proteins may also be covalently bound through reactive participates in the secretion of the polypeptide; a promoter 

side groups to various insoluble substrates, such as cyano- 5 » operably linked to a coding sequence if it controls the 

gen bromine^activated, bisoxirane-aciivated, transcription of the sequence; or a ribosome binding sue is 

carbonyldiimidazole-activated, or tosyl -activated, agarose operably linked to a coding sequence if u is positioned so as 

structures, or by adsorbing to polyolefin surfaces (with or to P emiit translation. Generally, operably linked means 

without glutaraldehyde cross-linking. Once bound to a contiguous and, m the case of secretory leaders, contiguous 

substrate, IL-1-3R may be used to selectively bind (for 30 and m readin S fram ^ 

purposes of assay or purification) am>IL~l-3R antibodies or Expression vectors may also contain DNA sequences 

H^l necessary to direct the secretion of a polypeptide of interest. 

Such DNA sequences may include at least one secretory 

Isolation of IL-1 Type 3 Receptor cDNA Clones signal sequence. Representative secretory signals include 

a5 the alpha factor signal sequence (pre-pro sequence; Kurjan 

As noted above, the present invention provides isolated and Herskow i tz? Cell 30:933-943, 1982; Kurjan et al, U.S. 

nucleic acid molecules which encode IL-1 Type 3 receptors. p at No 4? 54 6?082; Brake, EP 116,201), the PHOS signal 

Briefly, nucleic acid molecules which encode IL-1 Type 3 sequence (Beck et aL, WO 86/00637), the BAR1 secretory 

receptors of the present invention may be readily isolated signal sequence ( MilcK ay el al., U.S. PaL No. 4,613,572; 

from a variety of warm-blooded animals, including for MacKay, WO 87/002670), the SUC2 signal sequence 

example, humans, macaques, horses, cattle, sheep, pigs, (Carlson et al., Mol Cell Biol 3:439-447, 1983), the 

dogs, cats, rats and mice. Particularly preferred tissues from a -l -antitrypsin signal sequence (Kurachi et al, Proc. Natl 

which nucleic acid molecules which encode IL-1 Type 3 Aca dScL USA 78:6826-6830, 1981), the £-2 plasmin inhibi- 

receplors may be isolated include brain, kidney and lung. tor signaI ^ qyxmct ( To ne et aL, J. Biochem. (Tokyo) 

Nucleic acid molecules which encode IL-1 Type 3 receptors ^ 1 02:1033-4042, 1987), the tissue plasminogen activator 

of the present invention may be readily isolated from signal sequence (Pennica et hi, 9 Nature 301:214—221, 1983), 

conventionally prepared cDNA libraries (see, e.g., Sam- , be K QQli PhoA$igna i sequence (Yuan et aL, X Biol Chem. 

brook et aL, Molecular Cloning; A Laboratory Manual, 2d 265:13528-13552, 1990) or any of the bacterial signal 

Ed., Cold Spring Harbor Laboratory Press, NY, 1989) or seque nces reviewed, for example, by Oliver (Ann. Rev 

from commercially obtained libraries (e.g., Stratagene, 3o MicrobioL 39:615-649, 1985). Alternatively, a secretory 

LaJolia, Calif.) utilizing the disclosure provided herein. %{%ml scqyeace my be synthesized according to the rules 

Particularly preferred methods for obtaining isolated DNA ostabli shed, for example, by von Heinje {Eur. J. Biochem. 

molecules which encode lL^llype 3 receptors of the present 133:1 7_2i f 1983- X Mol Biol 184:99-105, 1985; Nuc. 

invention are described in more detail below in Example 1 Aci j s Res i4 : 4683_4690, 1986), 

(see also Sequence LD. Nos. 1 and 3). ^ For exprcssion? a ^cleie acid moleC ule encoding a IL-1 

As noted above, within particularly preferred embodi- Type 3 receptor is inserted into a suitable expression vector, 

ments of the invention, isolated nucleic acid molecules are wn fe n - m turn j s use a t0 transform or transfect appropriate 

provided which encode human IL4 Type 3 receptors, host cells for expression. Host cells for use in practicing the 

Briefly, such nucleic acid molecules may be readily obtained present invention include mammalian, avian, plant, insect, 

by probing a human cDNA library either with a specific 4Q bacterial and fungal cells. Preferred eukaryoiic cells include 

sequence as described below in Example 1, or with a rat cultured mammalian ceil lines (e.g., rodent or human cell 

sequence (e.g., Sequence l.D.Nos. 2 or 4) under conditions jj nes ) an d fungal cells, including species of yeast (e.g., 

of high stringency (e.g., 50% formamide, 5xS$C, Saccharomyces spp., particularly & cerevisiae, Schizosac- 

SxDenharts, 0.1% SDS, 100 ug/ml salmon sperm DNA, at charomyces spp., or Kluyveromyces spp.) or filamentous 

42* C. for 12 hours). This may be followed by extensive 45 mng i (e.g., Aspergillus spp .,Neurospora spp.). Strains of the 

washing with 2xSSC containing 0.2% SDS at 50° C Suit- yeast Saccharomyces cerevisiae are particularly preferred, 

able cDNA libraries may be obtained from commercial Methods for producing recombinant proteins in a variety of 

sources (e.g., Stratagene, LaJolia, Calif.; or Clontech, Palo pro karyotic and eukaryotic host cells are generally known in 

Alto, Calif., or prepared utilizing standard techniques (see, lhe art ^ e « Gene Expression Technology," Methods in 

e.g,. Sambrook et aL, supra). $0 Enzymology, Vol. 185, Goeddel (ed.), Academic Press, San 

Diego, Calif., 1990; see also, "Guide to Yeast Genetics and 

Production of Recombinant IL-1 Type 3 Receptors Molecular Biology," Methods in Enzymology, Guthrie and 

As noted above, the present invention also provides Fink (eds.) Academic Press, San Diego, Calif., 1991). In 

recombinant expression vectors which include synthetic or general, a host celt will be selected on the basis of its ability 

cDNA derived DNA fragments encoding IL4 Type 3 recep- 55 to produce the protein of interest at a high level or its ability 

tors or substantially similar proteins, which are operably to carry out at least some of the processing steps necessary 

linked to suitable transcriptional or translation regulatory for the biological activity of the protein. In this way, the 

elements derived from mammalian, microbial, viral or insect number of cloned DNA sequences which must be trans- 

genes. Such regulatory elements include a transcriptional fected into the host cell may be minimized and overall yield 

promoter, an optional operator sequence to control 60 of biologically active protein may be maximized, 
transcription, a sequence encoding suitable mRNA riboso- Suitable yeasi vectors for use in the present invention 

mal binding sites, and, within preferred embodiments, include YRp7 (Struhl et aL, Proc. Natl Acad Set USA 

sequences which controlthe termination of transcription and 76:1035-1039, 1978), YEpl3 (Broach et aL, Gene 

translation. The ability to replicate in a host, usually con- 8:121-133, 1979), POT vectors (Kawasaki et aL, U.S. Pat. 

ferred by an origin of replication, and a selection gene to 65 No. 4,931,373, which is incorporated by reference herein), 

facilitate recognition of transformants may additionally be pJDB249 and pJDB219 (Beggs, Atore 275:104-108, 1978) 

incorporated. DNA regions are operably linked when they and derivatives thereof. Such vectors will generally include 
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a selectable marker, which may be one of any number of 
genes that exhibit a dominant phenotype for which a phe- 
notypic assay exists to enable transformants to be selected. 
Preferred selectable markers are those that complement host 
cell auxotrophy, provide antibiotic resistance or enable a cell 
to utilize specific carbon sources, and include LEU2 (Broach 
et al., ibid), URA3 (Botstem et aL, Gene 8:17, 1979), HIS3 
(Struhlet al. F ibid.) or POT1 (Kawasaki et al, ibid.). Another 
suitable selectable marker is the CAT gene, which confers 
chloramphenicol resistance on yeast cells. 

Preferred promoters for use in yeast include promoters 
from yeast glycolytic genes (Hitzeman et aL, J. Biol Chem. 
255:12073-12080, 1980; Alber and Kawasaki, J. MoLAppl 
Genet, 1:419-434, 1982; Kawasaki, U.S. Pat. No. 4,599, 
311) or alcohol dehydrogenase genes (Young et al., in 
Genetic Engineering of Microorganisms for Chemicals, 
Hollaender et al. (eds,), p. 355, Plenum, New York, 19822; 
Ammerer, Meih, Enzymol 101:192-201, 1983). In this 
regard, particularly preferred promoters are the TPll pro- 
moter (Kawasaki, U.S. Pat. No. 4,599,311, 1986) and the 
ADH2-4 C promoter (Russell el aL, Nature 304:652-654, 
1983; Irani and Kilgore, U.S. patent application Scr, No. 
07/784,653, which is incorporated herein by reference). The 
expression units may also include a transcriptional 
terminator, such as the TPll terminator (Alber and 
Kawasaki, ibid.). 

In addition to yeast, proteins of the present invention can 
be expressed in filamentous fungi, for example, strains of the 
fungi Aspergillus (McKnight et al, U.S. Pat, No. 4,935,349, 
which is incorporated herein by reference). Examples of 
useful promoters include those derived from Aspergillus 
nidulans glycolytic genes, such as the ADH3 promoter 
(McKnight et &UEMBQJ. 4:2093-2099, 1985) and the tpiA 
promoter. An example of a suitable terminator is the ADH3 
terminator (McKnight et al, ibid., 1985). The expression 
units utilising such components are cloned into vectors that 
are capable of insertion into the chromosomal DNA of 
Aspergillus. 

Techniques for transforming fungi are well known in the 
literature, and have been described, for instance, by Beggs 
(ibid,), Hinnen et aL (Proc. Natl Acad Sci USA 
75:1929-1933, 1978), Yelton et ah {Proc. Natl. Acad Sci. 
USA 81:1740-1747, 1984), and Russell (Nature 
301:167-169, 1983). The genotype of the host cell will 
generally contain a genetic defect that is complemented by 
the selectable marker present on the expression vector. 
Choice of a particular host and selectable marker is well 
within the level of ordinary skill in the art. To optimize 
production of the heterologous proteins in yeast, for 
example, it is preferred thai the host strain carries a 
mutation, such as the yeast pep4 mutation (Jones, Genetics 
85:23-33, 1977), which results in reduced proteolytic activ- 
ity- 

In addition to fungal cells, cultured mammalian cells may 
be used as host cells within the present invention. Preferred 
cultured mammalian cells for use in the present invention 
include the COS-l (ATCC No. CRL 1650), COS-7 (ATCC 
No. CRL 1651), BHK (ATCC No. CRL 1632), and 293 
(ATCC No. CRL 1573; Graham et al., /. Gen. Virol 
36:59-72, 1977) cell lines. A preferred BHK cell line is the 
BHK 570 cell line (deposited with the American Type 
Culture Collection under accession number CRL 10314). In 
addition, a number of other mammalian cell lines may be 
used within the present invention, including Rat Hep I 
(ATCC No. CRL 1600), Rat Hep II (ATCC No. CRL 1548), 
TCMK (ATCC No. CCL 139), Human lung (ATCC No. 
CCL 75.1), Human hepatoma (ATCC No. HTB-52), Hep G2 
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(ATCC No, HB 8065), Mouse liver (ATCC No. CCL 29.1), 
NCTC 1469 (ATCC No. CCL 9.1), SP2/0-Agl4 (ATCC No. 
1581), HIT-T15 (ATCC No. CRL 1777), LtT (ATCC) No. 
CCL 1.3) and RINm 5AHTJB (Orskov and Nielson, FEES 

5 229(1): 175^178, 1988). 

Mammalian expression vectors for use in carrying out the 
present invention should include a promoter capable of 
directing the transcription of a cloned gene or cDNA. 
Preferred promoters include viral promoters and cellular 

10 promoters. Viral promoters include the immediate early 
cytomegalovirus promoter (Boshart et aL, Cell 41:521-530, 
1985) and the SV40 promoter (Subraraani et aL, Mol Cell 
Biol 1:854-864, 1981). Cellular promoters include the 
mouse metallothionein-1 promoter (Palmiter et al., U.S. Pat. 
No. 4,579,821), a mouse V- promoter (Bergman ei aL, Proc. 

15 Natl Acad. Sci USA 81:7041-7045, 1983; Grant et al., JV«c. 
Acids Res. 15:5496, 1987) and a mouse W H promoter (Lob 
et aL, Cell 33:85-93, 1983). A particularly preferred pro- 
moter is the major late promoter from Adenovirus 2 
(Kaufman and Sharp, Mol Cell Biol 2:1304-13199, 1982). 

20 Such expression vectors may also contain a set of RNA 
splice sites located downstream from the promoter and 
upstream from the DNA sequence encoding the peptide or 
protein of interest. Preferred RNA splice sites may be 
obtained from SV40, adenovirus and/or immunoglobulin 

25 genes. Alternatively, within certain embodiments RNA 
splice sites may be located downstream from the DNA 
sequence encoding the peptide or protein of interest. Also 
contained in the expression vectors is a polyadenylation 
signal located downstream of the coding sequence of inter- 

30 est. Suitable polyadenylation signals include the early or tate 
polyadenylation signals from SV40 (Kaufman and Sharp, 
ibid.), the polyadenylation signal from the Adenovirus 5 
E1B region and the human growth hormone gene terminator 
(DeNoto et aL, Nua Acids Res. 9:3719-3730, 1981). The 

35 expression vectors may include a noncoding viral leader 
sequence, such as the Adenovirus 2 tripartite leader, located 
between the promoter and the RNA splice sites. Preferred 
vectors may also include enhancer sequences, such as the 
SV40 enhancer and the mouse 1 enhancer (Gillies, Cell 

4G 33:717-728, 1983). Expression vectors may also include 
sequences encoding the adenovirus VA RNAs. Suitable 
vectors can be obtained from commercial sources (e.g., 
Invitrogen, San Diego, Calif.; Stratagene, La Jolla, Calif.). 
Cloned DNA sequences may be introduced into cultured 

45 mammalian cells by, for example, calcium phosphate- 
mediated iransfection (Wigler et al., Cell 14:725, 1978; 
Corsaro and Pearson, Somatic Cell Genetics 7:603, 1981; 
Graham and Van der Eb, Virology 52:456, 1973), clectropo- 
ration (Neumann et a!., EMBO J. 1:841-845, 1982), or 

so DEAE-dextran mediated transfection (Ausubel et aL (eds.), 
Current Protocols in Molecular Biology, John Wiley and 
Sons > Inc., NY, 1987), which are incorporated herein by 
reference. To identify cells that have stably integrated the 
cloned DNA, a selectable marker is generally introduced 

55 into the cells along with the gene or cDNA of interest. 
Preferred selectable markers for use in cultured mammalian 
cells include genes that confer resistance to drugs, such as 
neomycin, hygromycin, and methotrexate. The selectable 
marker may be an amplifiable selectable marker. Preferred 

eo amplifiable selectable markers are the DHFR gene and the 
neomycin resistance gene. Selectable markers are reviewed 
by TMly (Mammalian Cell Technology, Butterworth 
Publishers, Stoneham, Mass., which is incorporated herein 
by reference). The choice of selectable markers is well 

#5 within the level of ordinary skill in the art. 

Selectable markers may be introduced into the cell on a 
separate vector at the same time as the IL-1 Type 3 receptor 
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sequence, or they may be introduced on the same vector. If Suitable growth conditions for yeast cells, for example, 

on the same vector, the selectable marker and the IL-1 Type include cxilturiog in a chemically defined medium, compris- 

3 receptor sequence may be under the control of different ing a nitrogen source, which may be a non-amino acid 

promoters or the same promoter, the latter arrangement nitrogen source or a yeast extract, inorganic salts, vitamins 

producing a dicistronic message. Constructs of this type are 5 an d essential amino acid supplements at a temperature 

known in the art (for example, Levinson and Simonsen, U.S. between 4* G and 37 Q C, with 30° C. being particularly 

Pat, No. 4,713,339). Il may also be advantageous to add pFC ferred, The pH of the medium is preferably maintained at 

additional DNA, known as "earner DNA to the mixture a pH gfeater than 2 and less than g> more preferabiy pH 5 _ 6> 

which is introduced into the cells. Methods for maintaining a stable pH include buffering and 

Transfected mammalian cells are allowed to grow for a 10 const ant pH control. Preferred agents forpH control include 

period of time, typically 1-2 days, to begin expressing the sodium hydroxide. Preferred buffering agents include suc- 

DNAsequence(s)of interest. Drug selection is then applied ciaic acid aod B is-Tris (Sigma Chemical Co., St. Louis, 

to select for growth of cells that are expressing the selectable Mo y Due lo the tendency of yeast host cells to hypergly- 

marker in a stable fashion. For cells that have been trans- cosylatc heterologous proteins* it may be preferable Jo 

fected with an amplinable selectable marker the drug con- 15 express t he IL-1 Type 3 receptors of the present invention in 

centration may be increased in a stepwise manner to select yoast cells j^ing a defect in a gene required for asparagine- 

for increased copy number of the cloned sequences, thereby linked glycosylate Such cells are preferably grown in a 

increasing expression levels. Cells expressing the introduced me dium containing an osmotic stabilizer. A preferred 

sequences are selected and screened for production of the osmotic stabilizer is sorbitol supplemented into the medium 

protein of interest in She desired form or at the desired level. ?Q at a conoentration between 0.1 M and 1.5 M, preferably at 

Cells which satisfy these criteria may then be cloned and 0 5 M or L0 M> Cultured mammalian cells are generally 

scaled up for production. cultured in commercially available serum-containing or 

Preferred prokaryotic host cells for use in carrying out the serum-free media. Selection of a medium and growth con- 

present invention are strains of the bacteria Escherichia coli, ditions appropriate for the particular cell line used is within 

although Bacillus and oiher genera are also useful Tech- 2 s the level of ordinary skill in the art 

niques for transforming these hosts and expressing foreign IL4 Type 3 rece ptors may also be expressed in non- 

DNA sequences cloned therein are well known m the art human transgCnic animaIs? particular i y 

transgenic warm- 

(see, e.g., Mamalis et al , Molecular Cloning: A Laboratory bIooded an imals. Methods for producing transgenic animals, 

Manual, Cold Spring Harbor Laboratory, 1982; or Sam- including mice} ratS! rabbits> she e p and pigs, are known in 

brook ctal., supra). Vectors used for expressmg cloned DNA 30 the art arf are disc]osed; for example> by Hammer e( al . 

sequences mbaclenal hosts will generaUy contain a select- {Natur£ 3 15:680 _ 6 8 3> 1985)) p a!miter e t al. {Science 

able marker, such as a gene for antibiotic resistance, and a 222: 809-«14, 1983), Brinster el a!. (Proc. Natl. Acad. Sci. 

promoter that functions m the host cell Appropnate pro- USA 8 2 ;4 43&~4442 f 1985)) Palmiter and Brinster (Cell 

moters include the trp (Nichols and Yanofsky, Meth. Enzy- 41:343^345, i985 ) and u. S . p at . No. 4,736,866, which are 

mol 101: 155-164, 1983), lac (Casadaban et al. J Bade- 35 inc ated herein by refcr e n oe. Briefly, an expression unit, 

riol 143:971-980, 1980), and phage k (Queen, J. Mol.Appl. incMng a DNA seque[1 ce to be expressed together with 

Genet 2:1-10 1983) promoter systems Plasmids use&l for appropriately posMoned expression control sequences, is 

transforming bacteria include pBR322 (Bolivar et al., Gene itUroduced into pronuc!ei of fertilized eggs. Introduction of 

2:95-113, 1977) the pUC plasmids (Messing, Meth. Enzy- DNA is commonly done by microinjection. Integration of 

m ?kJ 0 £?°~l S rZ l l 8 £„ ,^ in \" ^t???',?^™ 40 the injected DNA is detected by blot analysis of DNA from 

19:259-268, 1982) pCQV2 (Queen, tad.), pMAL-2 (New lissue j salBples> lypically $ampl ^ oflail nine. Il is generally 

England Biolabs, Beverly Mass.) and denvabves thereof femd that the introduced DNA be incorporated into the 

Plasmids may contain both viral and bacterial elements. gerffl , ine of the anima , so lhm fe passcd on t0 ^ animaFs 

Given the teachings provided herein, promoters, termina- progeny 

tors and methods for introducing expression vectors encod- 45 within ticlllarl ferred embodiments of the 

ing IL-1 Type 3 receptors of the present invention into p ant, ^ kmckml J be Sloped from 

avian and insect cells would be evident to those of skill in emb ic sleffl ^ thro h ihe use „ f hom0]ogO u S recon> 

the art.Tteuseof bacnloviruses, for example, as vectors for ^ (c hi Scien * 244:1288-1292, 1989) or anti- 

expressing heterologous DNA sequences m insect cells ? has ^ ol > on ^ cleotide (Stejn and chen , Science 2 £ 1(5124) 

been revrcwed by Atonson et al. {PesHc. Set. 28:215-224, 50 :l(m _J l2 my Mi J H et ^Semin. Cone. Biol. 3(6) 

1990). In addition, the use of Agrobacterutm rhizogenes as •391-.398 1992) * 

vectors for expressing genes in plant cells has been reviewed "„..'„ 

by Sinkar et al. (X Biosci. (Bangalore) 11:47-58, 1987). WlEhl " a preferred embodiment of the invention, a trans- 
Host cells containing DNA molecules of the present genie animal such as a mouse, is developed by targeting a 
invention are then cultured to express a DNA molecule 55 atl0n t0 a 1LA T ^ 3 *fP«>r fr* 
encoding a IL-1 Type 3 receptor. The cells are cultured Mansow a1 ' D^ruption of the proto-oncogene int-2 m 
according to standard methods in a culture medium contain- mOTse «mbryo^enved stem celfe: A general strategy for 
» ^ *r _ *u c*u *u u^* a targeting mutations to non-selectable genes. Nature 
rag nutnents required for growth of the chosen host cells. A *-f~ Aa , - M ^ ^ % t . 

1 to 336:348-352, 1988). Snch ammals may readily be utilized 



variety of suitable media are known in the art and generally 



include a carbon source, a nitrogen source, essential amino 60 as J ^ dei to stud y the rote of the IL ~ 2 ^ e 3 rece P tor k 

acids, vitamins and minerals, as well as other components, rae 15,3(1 ' 

e.g growth factors or serum, that may be required by the ^ ^ % R fs ^ R T 

particular ho&t cells, The growth medium will generally r Peptides 

select for cells containing the DNA molecules by, for P 

example, drug selection or deficiency in an essential nutrient 65 As noted above, the present invention also provides 

which is complemented by the selectable marker on the soluble IL-1 Type 3 receptors and receptor peptides. Within 

DNA construct or co4ransfected. with the DNA construct, the context of the present invention, IL-1 Type 3 receptor 
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peptides should be understood to include portions of a TL-1 binding if they bind to the IL-l Type 3 receptor with a K A 

Type 3 receptor or derivatives thereof discussed above, of grealer than or equal to 10 7 M"" 1 and preferably greater 

which do not contain transmembrane domains, and which than or equal to MfM~\ and bind to IL-l Type I or Type II 

are at least 8, and more preferably 10 or greater amino acids receptors with an affinity of less than K A 10 7 M , and 

in length. Briefly, the structure of the IL-l Type 3 receptor 5 preferably less than lO^M" 1 or MPM" 1 . The affinity of a 

as well as putative transmembrane domains may be pre- monoclonal antibody or binding partner may be readily 

dieted from the primary translation products using the dimmed by one of ordinary m the art (see Scatchard, 

hydrophopicity plot function of, for example, PROTEAN Am > N.Y Acad Set. 51:660-672, 1949). 

(DNA STAR, Madison, Wis,), or according to the methods Polyclonal antibodies may be readily generated by one of 

described by Kyte and Doolittle<7. Mol Biol 157:105-132, 10 ordinary skill in the art from a variety of warm-blooded 

1982), While not wishing to be bound by a graphical animals such as horses, cows, goats, sheep, dogs, chickens, 

representation, based upon this hydrophopicity analysis, rabbits, mice, or rats. Briefly, the IL~1 Type 3 receptor is 

IL-l Type 3 receptors are believed to have the general utilized to immunize the animal through intraperitoneal, 

structure shown in FIG. 1, In particular, these receptors are intramuscular, intraocular, or subcutaneous injections. The 

believed to comprise an extracellular amino-termmal 15 immunogenic^ of a IL-l Type 3 receptor or IL-l Type 3 

domain, a transmembrane domain, and an intracellular receptor peptide may be increased through the use of an 

domain, adjuvant such as Freund's complete or incomplete adjuvant 

. j... . f . • , » jtt 1 -r^i Following several booster immunizations, small samples of 

Withm one aspect of the invention, isolated IL-l Type 3 f . * „ *, _ 

receptor peptides are provided comprising the extracellular f rom are c f ecled ^ tested for reactivity to the IL-l Type 

amino4erminal domain of a IL-l Type 3 receptor. Within a 20 3 receptor A vanety of assays may be utilized in order to 

preferred embodiment, an isolated IL-l Type 3 receptor detec am * bodie * wblch V«fi«iUy bind to . 1 IU T^e 3 

r - . . , * . j - receptor. Exemplary assays are described in detail in Ann - 

peptide is provided comprising the sequence ot ammo acids , ,f x , , r 3 ' , , J , TI> , T ✓ , \ ^> * , 

shown in Sequence I.D. No.2, from amino acid number 1 to b^s: A Laboratory Manual Harlow 'ant Lane (eds.), Cold 

amino acid number 336. Within other embodiments, isolated ^P™* Har f bor Laboratory Press 1988. Repraonlauve 

IL-l Type 3 receptor peptides are provided comprising the 25 examples of such assays rndude. Countercurrem Immuno- 

in ma 4 Lm Electrophoresis (CIEP), Radioimmunoassays, 

sequence ol amino acids shown m Sequence l.D. No. 4, trom _ . 1 . .\ . / * T . t . _ 

■ vi , 1 ^A+nmrtwr n-io Radioirnmunoprecipitations, Enzyme-Linked Immuno- 

amxno acid number 1 to ammo acid number 338. _ . . ,„/ T „ A , _ \ \ t 

„ „ . , ( J t Sorbent Assays (ELISA), Dot Blot assays, Inhibition or 

IL-l Type 3 receptor peptides may be prepared by, among Corapetilk>n assays? and san dwich assays (see U,S, Pat, Nos, 

other methods, cuhunng suitable host/vector systems to 4 >376yll o and 4,4S6,53G; see zho Antibodies: A Laboratory 

produce the recombinant translation products of the present Manml ^ Particularly preferred polyclonal antisera 

invention. Supernatant* from such cell lines may then be wil] iye a &i j that fe at kast three times m than 

treated by a variety of purification procedures m order to background . 0nce tbc titer of lhe animai has reac hed a 

isolate the IL-l Type 3 receptor peptide. For example, the }mm ^ terms of ^ reactivit t0 the IL . a Type 3 receptor, 

supernatant may be first concentrated using commercially largef quantities of poiyc i onal anlisera may be read ily 

available protein concentration fillers, such as an Armcon or Qbtained dther b weeld b3cedingS) or by exsanguinating 

MUipore Pelhcon ultrafiltration unit- Following lhe an j ma j 

concentration, the concentrate may be applied to a suitable MoDOclonat arU ibodies may also be readily generated 

purification matnxsuch as, for example, IL-l or an anti-IL-1 usi weU4movra techaiques (see as , Pat . Nos , RE 32 ,0H, 

Type 3 receptor antibody bound to a suitable support, 4 9C g 614 4,543,439, and 4 ,411,993; see also Monoclonal 

Alternatively, anion or cation exchange resins may be Antibodies, Hybridomas: A New Dimension in Biological 

employed ,n order to purify the receptor or peptide. Finally, Am{ p Kennett McKearn, and Bechtol 

one or more /eversed^phase high performance liquid i chro- { ^ mQ m6 Artlibodies:A Laboratory Manual, Harlow 

matography (RP-HPLC) steps may be employed to ftirther \^ ^ (e(fe ) CoJ<J s . Harbor Laborat ? 

puofy the IL-l Type 3 receptor peptide. ^ 19g&) Brieflyj wiihin one Qmbodimtnt a subject animal such 

Alternatively, IL-l Type 3 receptor peptides may also be as a ral or m0yse is injecled witI) a form of IL4 Type 3 

prepared utilizing standard polypeptide synthesis protocols, receptor suitable for generating an immune response against 

and purified utilizing the above-described procedures. lhc IL4 Ty p e 3 receplor . Representative examples of suit- 

A IL-l Type 3 receptor peptide is deemed to be "isolated" able forms inctude f among others, cells which express the 
or purified within the context of the present invention, if 50 IL-l Type 3 receptor, or peptides which are based upon the 
only a single band is detected subsequent to SDS- IL-l Type 3 receptor sequence. Additionally, many tech- 
poly aery lamide gel analysis followed by staining with Coo- niques are known in the art for increasing the resultant 
massie Brilliant Blue. immune response, for example, by coupling the receptor or 

receptor peptides to another protein such as ovalbumin or 

Antibodies to IL4 Type 3 Receptors 55 keybole Umpet be mocyanin (KLH), or through the use of 

Within one aspect of the present invention, IL-l Type 3 adjuvants such as Freund's complete or incomplete adju- 

receptors, including derivatives thereof, as well as portions vanl. The initial immunization may be through 

or fragments of these proteins such as the IL-l Type 3 intraperitoneal, intramuscular, intraocular, or subcutaneous 

receptor peptides discussed above, may be utilized to pre- routes. 

pare antibodies which specifically bind to IL-l Type 3 60 Between one and three weeks after the initial immuniza- 

receptors. Within the context of the present invention the lion the animal may be reimmunized with another booster 

term "antibodies" includes polyclonal antibodies, mono- immunization. The animal may then be test bled and the 

clonal antibodies, fragments thereof such as F(ab') 2 and Fab serum tested for binding to the IL-l Type 3 receptor using 

fragments, as well as recombinant^ produced binding part- assays as described above. Additional immunizations may 

ners. These binding partners incorporate the variable regions 65 also be accomplished until the animal has plateaued in its 

from a gene which encodes a specifically binding mono- reactivity to the IL-l Type 3 receptor. The animal may then 

clonal antibody. Antibodies are de fined to be specifically be given a final boost of IL-l Type 3 receptor or IL-l Type 



US 6,2: 

15 

3 receptor peptide, and three to four days later sacrificed. At 
this time, the spleen and lymph nodes may be harvested and 
disrupted into a single cell suspension by passing the organs 
through a mesh screen or by rupturing the spleen or lymph 
node membranes which encapsidafe the cells. Within one 
embodiment the red cells are subsequently lysed by the 
addition of a hypotonic solution, followed by immediate 
return to isotonicity. 

Within another embodiment, suitable cells for preparing 
monoclonal antibodies are obtained through the use of in 
vitro immunization techniques. Briefly, an animal is 
sacrificed, and the spleen and lymph node cells are removed 
as described above. A single cell suspension is prepared, and 
the cells are placed into a culture containing a form of the 
IL-1 Type 3 receptor thai is suitable for generating an 
immune response as described above. Subsequently, the 
lymphocytes are harvested and fused as described below. 

Cells which are obtained through the use of in vitro 
immunization or from an immunized animal as described 
above may be immortalized by transfection with a virus such 
as the Epstein-Barr virus (EBV) (see Glasky and Reading, 
Hybridoma 8(4);377-389, 1989). Alternatively, within a 
preferred embodiment, the harvested spleen and/or lymph 
node cell suspensions are fused with a suitable myeloma cell 
in order to create a "hybridoma" which secretes monoclonal 
antibodies. Suitable myeloma lines are preferably defective 
in the construction or expression of antibodies, and are 
additionally syngeneic with the cells from the immunized 
animal. Many such myeloma cell lines are well known in the 
art and may be obtained from sources such as the American 
Type Culture Collection (ATCC), Rockvffle, Md. (see Cata- 
logue of Cell Lines & Hybridomas, 6th ed. ? ATCC, 1988). 
Representative myeloma lines include: for humans, UC 
729-6 (ATCC No. CRL 8061), MC/CAR-Z2 (ATCC No. 
CRL8147), and SKO-007 (ATCC No. CRL8033); for mice, 
SP2/0-Agl4 (ATCC No. CRL 1581), and P3X63Ag8 
(ATCC No. TIB 9); and for rats, Y3-AgL2.3 (ATCC No. 
CRL 1631), and YB2/0(ATCC No, CRL 1662), Particularly 
preferred fusion lines include NS-1 (ATCC No. TIB 18) and 
P3X63— Ag 8.653 (ATCC No. CRL 1580), which may be 
utilized for fusions with either mouse, rat, or human cell 
lines. Fusion between the myeloma cell line and the cells 
from the immunized animal may be accomplished by a 
variety of methods, including the use of polyethylene glycol 
(PEG) (see Antibodies: A Laboratory Manual, Harlow and 
Lane (eds.), Cold Spring Harbor Laboratory Press, 1988) or 
electrofusion (see Zimmerman and Vienken, J. Membrane 
Biol 67:165-182, 1982). 

Following the fusion, the cells are placed into culture 
plates containing a suitable medium, such as RPM1 1640 or 
DMEM (Dulbecco's Modified Eagles Medium) (JRH 
Biosciences, Lenexa, Kans«). The medium may also contain 
additional ingredients, such as Fetal Bovine Serum ("FBS " 
i.e., from Hyclone, Logan, Utah, or JRH Biosciences), 
thymocytes which were harvested from a baby animal of the 
same species as was used for immunization, or agar to 
solidify the medium. Additionally, the medium should con- 
tain a reagent which selectively allows for the growth of 
fused spleen and myeloma cells. Particularly preferred is the 
use of HAT (hypoxanthine, aminopterin, and thymidine) 
(Sigma Chemical Co., St, Louis, Mo.). After about seven 
days, the resulting fused cells or hybrtdomas may be 
screened in order to determine the presence of antibodies 
which recognize the IL-1 Type 3 receptor. Following several 
clonal dilutions and reassays, a hybridoma producing anti- 
bodies which bind to IL-1 Type 3 receptor may be isolated. 

Other techniques may also be utilized to construct mono- 
clonal antibodies (see Huse et al., "Generation of a Large 
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Combinational Library of the Immunoglobulin Repertoire in 
Phage Lambda/' Science 246:1275-1281, December 1989; 
see also Sastry et at, "Cloning of the Immunological Rep- 
ertoire in Escherichia coil for Generation of Monoclonal 

5 Catalytic Antibodies: Construction of a Heavy Chain Vari- 
able Region-Specific cDNA Library," Proc* Natl Acad. Scl 
USA 86:5728-5732, August 1989; see also Alling-Mees et 
al., "Monoclonal Antibody Expression Libraries: A Rapid 
Alternative to Hybridoraas," Strategies in Molecular Biol- 
ogy 3:1-9, January 1990; these references describe a com- 
mercial system available from Stratacyte, La Jolia, Calif,, 
which enables the production of antibodies through recom- 
binant techniques). Briefly, mRNA is isolated from a B cell 
populalion and utilized to create heavy and light chain 
immunoglobulin cDNA expression libraries in the 

X kIMMUNOZAP(H) and klMMUNOZAP(L) vectors. These 
vectors may be screened individually or co-expressed to 
form Fab fragments or antibodies (see Huse et al, supra; see 
also Sastry et al, supra). Positive plaques may subsequently 
be converted to a non -lytic plasmid which allows high level 

20 expression of monoclonal antibody fragments from E. coll 
Similarly, binding partners may also be constructed uti- 
lizing recombinant DNA techniques to incorporate the vari- 
able regions of a gene which encodes a specifically binding 
antibody The construction of these proteins may be readily 

25 accomplished by one of ordinary skill in the art (see Larrick 
et al, "Polymerase Chain Reaction Using Mixed Primers: 
Cloning of Human Monoclonal Antibody Variable Region 
Genes From Single Hybridoma Cells," Biotechnology 
7:934-938, September 1989; Riechmann et al,, "Reshaping 

30 Human Antibodies for Therapy," Nature 332:323-327, 
1988; Roberts et aL, "Generation of an Antibody with 
Enhanced Affinity and Specificity for its Antigen by Protein 
Engineering," Nature 328:731-734, 1987; Verhoeyen et al, 
"Reshaping Human Antibodies: Grafting an Aniilysozyme 

35 Activity," Science 239:1534-1536, 1988; Chaudhary et al,, 
" A Recombinant Immunotoxin Consisting of Two Antibody 
Variable Domains Fused to Pseudomonas Exotoxin," Nature 
339:394-397, 1989; see also, U.S. Pat. No. 5,132,405 
entitled "Biosynthetic Antibody Binding Sites"), given the 

4£ disclosure provided herein. Briefly, within one embodiment, 
DNA molecules encoding IL-1 Type 3 receptor-specific 
antigen binding domains are amplified from hybridomas 
which produce a specifically binding monoclonal antibody, 
and inserted directly into the genome of a cell which 

4 5 produces human antibodies (see Verhoeyen et al, Supra; see 
also Rcichmann et al, supra). This technique allows the 
antigen-binding site of a specifically binding mouse or rat 
monoclonal antibody to be transferred into a human anti- 
body. Such antibodies are preferable for therapeutic use in 

50 humans because they are not as antigenic as rat or mouse 
antibodies. 

Alternatively, the antigen-binding sites (variable region) 
may be either linked to, or inserted into, another completely 
different protein (see Chaudhary et al, supra), resulting in a 

55 new protein with antigen-binding sites of the antibody as 
well as the functional activity of the completely different 
protein. As one of ordinary skill in the art will recognize, the 
antigen-binding sites or IL-1 Type 3 receptor binding 
domain of the antibody may be found in the variable region 

60 of the antibody. Furthermore, DNA sequences which encode 
smaller portions of the antibody or variable regions which 
specifically bind to mammalian IL-1 Type 3 receptor may 
also be utilized within the context of the present invention. 
These portions may be readily tested for binding specificity 

os to the IL-1 Type 3 receptor utilizing assays described below. 
Within a preferred embodiment, genes which encode the 
variable region from a hybridoma producing a monoclonal 
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antibody of interest are amplified using oligonucleotide able carrier or diluent. Suitable carriers or diluents include, 

primers for the variable region. These primers may be among others, neutral buffered saline or saline, and may also 

synthesized by one of ordinary skill in the art, or may be include additional cxcipients or stabilizers such as buffers, 

purchased from commercially available sources. Stralacyte sugars such as glucose, sucrose, or dextrose, chelating 

(La Jolla, Calif.) sells primers for mouse and human variable 5 agents such as EDTA, and various preservatives, 
regions including, among others, primers for V# 0 , V^, V^, 

V /WJ C m , and C L regions. These primers may be utilized Labels 

to amplify heavy or light chain variable regions, which may jhe nucleic acid molecules, antibodies, and IL-1 Type 3 
then be inserted into vectors such as IMMUNOZAP*(H) or receptors (including sIL-1 3R) of the present invention may 
lMMUNOZAP*(L)(Stratacyte), respectively. These vectors 10 be labeled or conjugated (either through covalent or non- 
may then be introduced into E, coli for expression. Utilizing c0 valent means) to a variety of labels or other molecules, 
these techniques, large amounts of a single-chain protein including for example, fluorescent markers, enzyme 
containing a fusion of the W H and domains may be markers, toxic molecules, molecules which are nontoxic but 
produced (see Bird et aL, Science 242:423-426, 1988). which become toxic upon exposure to a second compound, 

Other "antibodies" which may also be prepared utilizing 15 and radionuclides, 

the disclosure provided herein, and thus which are also Representative examples of fluorescent labels suitable for 

deemed to fall within the scope of the present invention u$e wilhin the pres ent invention include, for example, Fluo- 

include humanized antibodies (e.g., U.S. Pat. No. 4,816,567 rescein i sol hiocyanate (FITC), Rhodarnine, Texas Red, 

and WO 94/10332), micobodies (e.g., WO 94/09817) and Luciferase and Pbycoerythrin (PE). Particularly preferred 

transgenic antibodies (e.g., GB 2 272 440). 20 f or use ^ ff ow cytometry is FITC which may be conjugated 

Once suitable antibodies have been obtained, they may be to purified antibody according to the method of Keltkarnp in 

isolated or purified by many techniques well known to those "Conjugation of Fluorescein Isolhiocyanate to Antibodies. I . 

of ordinary skill in the art (see Antibodies: A Laboratory Experiments on the Conditions of Conjugation," Immunol- 

Manual? supra). Suitable techniques include peptide or pro- ogy 18:865-873, 1970. (See also Keltkarnp, "Conjugation of 

tein affinity columns, HPLC or RP-HPLC, purification on 25 Fluorescein Isothiocyanate to Antibodies. II. A Reproducible 

protein A or protein G columns, or any combination of these Method," Immunology 18:875-881, 1970; and Coding, 

techniques. Within the context of the present invention, the "Conjugation of Antibodies with Ftuorochroraes: Modirlca- 

term "isolated" as used to define antibodies or binding lion to the Standard Methods" X Immunol Methods 

partners means "substantially free of other blood compo- 13:215-226, 1970.) For histochemical staining, HRP, which 

nents." is preferred, may be conjugated to the purified antibody 

Antibodies of the present invention have many uses. For according to the method of Nakane and Kawaoi 

example, antibodies may be utilized in flow cytometry to ("Peroxidase-Labeled Antibody: A New Method of 

sort IL-1 Type 3 receptor-bearing cells, or to histochemicaHy Conjugation," J. Histochem. Cytochem. 22:1084^1091, 

stain IH Type 3 receptor-bearing tissues. Briefly, in order 1974; see also, lyssen and Kurstak, "Highly Efficient and 

to detect IL-1 Type 3 receptors on ceils, the cells (or tissue) Simple Methods for Preparation of Peroxidase and Active 

are incubated with a labeled antibody which specially Peroxidase Antibody Conjugates for Enzyme 

binds to IL-1 Type 3 receptors, followed by detection of the Immunoassays," Anal Biochem. 136:451^57, 1984). 

presence of bound antibody. These steps may also be accom- Representative examples of enzyme markers or labels 

plashed with additional steps such as washings to remove 4Q include alkaline phosphatase, horse radish peroxidase, and 

unbound antibody. Representative examples of suitable p-galactosidase. Representative examples of toxic mol» 

labels, as well as methods for conjugating or coupling ecules include ricin, abrin, diphtheria toxin, cholera toxin, 

antibodies to such labels are described in more detail below, gelonin, pokeweed antiviral protein, tritin, Shigella toxin, 

In addition, purified antibodies may also be utilized and Pseudomonas exotoxin A. Representative examples of 

therapeutically to block the binding of IL-1 or other IL-1 4S molecules which are nontoxic, but which become toxic upon 

Type 3 receptor substrates to the IL-1 Type 3 receptor in exposure to a second compound include thymidine kinases 

vitro or in vivo. As noted above, a variety of assays may be such as HSVTK and VZVTK. Representative examples of 

utilized to detect antibodies which block or inhibit the radionuclides include Cu-64, Ga-67, Ga-68, Zr-89, Ru-97, 

binding of IL-1 to the IL4 Type 3 receptor, including inter Tc-99rn, Rh~105, Pd~109, In^ll F 1-123, 1-125, 1-131, 

alia, inhibition and competition assays noted above. Within 5Q Re-186, Re-188, Au~198, Au-199, Pb-203, At-21 1 , Pb-212 

one embodiment, monoclonal antibodies (prepared as and Bi-212. 

described above) are assayed for binding to the IL-1 Type 3 As will be evident to one of skill in the art given the 

receptor in the absence of IL-1, as well as in the presence of disclosure provided herein, the above described nucleic acid 

varying concentrations of IL-1. Blocking antibodies are molecules, antibodies, and IL-1 Type 3 receptors may also 

identified as those which, for example, bind to IL-1 Type 3 55 be labeled with other molecules such as colloidal gold, as 

receptors and, in the presence of IL-1, block or inhibit the we ll cither member of a high afBnity binding pair (e.g., 

binding of IL-1 to the IL-1 Type 3 receptor. avidin-biotm). 

Antibodies of the present invention may also be coupled . . 
or conjugated to a variety of other compounds (or labels) for Dragnostjc use of IL-1 Type 3 Receptor Sequences 
either diagnostic or therapeutic use. Such compounds 60 Within another aspect of the present invention, probes and 
include, for example, toxic molecules, molecules which are primers are provided for detecting IL-1 Type 3 receptors, 
nontoxic but which become toxic upon exposure to a second Within one embodiment of the invention, probes are pro- 
compound, and radionuclides. Representative examples of vidcd which are capable of hybridizing to IL-1 Type 3 
such molecules are described in more detail below. receptor DNA or RNA. For purposes of the present 

Antibodies which are to be utilized therapeutically are 65 invention, probes are "capable of hybridizing" to IL-1 Type 

preferably provided in a therapeutic composition comprising 3 receptor DNA if they hybridize to Sequence I JD. Nos. 1 or 

the antibody or binding partner and a physiologically accept- 3 under conditions of moderate or high stringency (see 
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Sambrook et a)., supra); but not to IL-1 Type I or Type II then annealed at 37° C to 70° C, depending on the 

receptor nucleic acid sequences. Preferably, the probe may proportion of AT/GC in the primers. The primers are 

be utilized to hybridize to suitable nucleotide sequences in extended at 72° C with Taq polymerase in order to generate 

the presence of 50% formamide, 5xSSPE, SxDenharoYs, the opposite strand to the template, These steps constitute 

0,1% SDS and 100 ug/ml Salmon Sperm DNA at 42° C, 5 one cycle, which may be repeated in order to amplify the 

followed by a first wash with 2xSSC at 42* C, and a second selected sequence. 

wash with <X2xSSC at 55 to 60° C Primers for the amplification of a selected sequence 

Probes of the present invention may be composed of should be selected from sequences which are highly specific 

either deoxyribonucleic acids (DNA) ribonucleic acids and form stable duplexes with the target sequence. The 

(RNA), nucleic acid analogues, or any combination of these, 30 primers should also be non -complementary, especially at the 

and may be as few as about 12 nucleotides in length, usually 3 r end, should not form dirners with themselves or other 

about 14 to 18 nucleotides in length, and possibly as large as primers, and should not form secondary structures or 

the entire sequence of the IL-1 Type 3 receptor. Selection of duplexes with other regions of DNA. In general, primers of 

probe size is somewhat dependent upon the use of the probe, about 18 to 20 nucleotides are preferred, and may be easily 

For example, in order to determine the presence of various 35 synthesized using techniques well known in the art. 
polymorphic forms of the Type 3 receptor within an 

individual, a probe comprising virtually the entire length of Pharmaceutical Compositions and Therapeutic Uses 

the IL-1 Type 3 receptor coding sequence is preferred. IL-1 M noted above> the present in Veat ion provides pharma- 

Type 3 receptor probes may be utilized to identify polymor- C eutical compositions, as well as methods for using the same 

phisms linked to the IL-1 Type 3 receptor gene (see, for ™ (for either prop hylaciic or therapeutic use). Briefly, the 

example, Weber, Genomics 7:524-530, 1990; and Weber pharmaceutical compositions of the present invention may 

and May, Amer. J, Hum. Gen, 44:388-396, 1989). Such comprise an IL-1 3R, &IL-1 3R, antibody which is capable 

polymorphisms may be associated with inherited diseases of specifically binding IL-1 3R, IL-1 3R antagonists or 

such as diabetes. agonists, in combination with a pharmaceutically acceptable 

Probes may be constructed and labeled using techniques carrier, diluent, or excipient. Such compositions may com- 

which are well known in the art. Shorter probes of, for prise buffers such as neutral buffered saline, phosphate 

example, 12 or 14 bases may be generated synthetically. buffered saline and the like, carbohydrates such as glucose, 

Longer probes of about 75 bases to less than 1.5 kb are mannose, sucrose or dextrose, proteins, polypeptides or 

preferably generated by, for example, PCR amplification in amino acids, antioxidants, chelating agents such as EDTAor 

the presence of labeled precursors such as 32 P-dCTP, glutathione, and preservatives, 

digoxigenin-dUTP, or biotin-dATP. Probes of more man 1.5 Compositions of the present invention may be formulated 

kb are generally most easily amplified by transfecting a cell for the maimer of administration indicated, including for 

with a plasmid containing the relevant probe, growing the examp i ef f or oral, nasal, venous, vaginal or rectal adminis- 

transfected cell into large quantities, and punfymg the ^ tration. Within other embodiments, the compositions may be 

relevant sequence from the transfected cells (see Sambrook " administered as part of a sustained release implant (e.g., 

et aL, supra), mtra-articularly). Within yet other embodiments, the cora- 

Probes may be labeled by a variety of markers, including, positions may be formulized as a lyophilizate, utilizing 

for example, radioactive markers, fluorescent markers, enzy- appropriate excipients which provide stability as a 

matic markers, and chromogenic markers. The use of 32 P is 4Q lyophilizate, and subsequent to rehydration, 

particularly preferred for marking or labeling a particular Pharmaceutical compositions of the present invention 

probe, may be utilized in order to treat a wide variety of diseases 

Probes of the present invention may also be utilized to including, for example, immune-associated diseases such as 

detect the presence of a IL-1 Type 3 receptor mRNAor DNA rheumatoid arthritis, inflammatory bowel disease, multiple 

within a sample. However, if IL-1 Type 3 receptors are 45 sclerosis, myasthemia gravis, scleritis, scleroderma, septic 

present in only a limited number, or if it is desired to detect shock, allograft rejection, and graft versus host (GVH) 

a selected mutant sequence which is present in only a limited disease. In particular, pharmaceutical compositions of the 

number, or if it is desired to clone a IL-1 Type 3 receptor present invention may be administered in a manner appro- 

from a selected warm-blooded animal, then it may be priate to the disease to be treated (or prevented). Although 

beneficial to amplify the relevant sequence such that it may 50 appropriate dosages may be determined by clinical trials, the 

be more readily detected or obtained. quantity and frequency of administration will be determined 

A variety of methods may be utilized in order to amplify by such factors as the condition of the patient, and the type 

a selected sequence, including, for example, RNA amplify- and severity of the patient's disease, 

cation (see Lizardi et al, Bio/Technology 6:1197-1202, Withinother aspects of the present invention, viral vectors 

1988; Kramer et aL, Nature 339:401-402, 1989; Lomeli et 55 are provided which may be utilized to treat diseases wherein 

aL, Clinical Chem. 35(9): 1826-1831, 1989; U.S. Pat. No. either the IL-1 Type 3 receptor (or a mutant IL-1 Type 3 

4,786,600), an d DNA amplification utilizing Polymerase receptor) is over-expressed, or where no IL-1 Type 3 recep- 

Chain Reaction ("PCR") (see U.S. Pat. Nos. 4,683,195, i or is expressed. Briefly, within one embodiment of the 

4,683,202, and 4,800,159) (see also, U.S. Pat. Nos. 4,876, invention, viral vectors are provided which direct the pro- 

187, and 5,011,769, which describe an alternative detection/ 60 duction of antisense IL-1 Type 3 receptor RNA, in order to 

amplification system comprising the use of scissile prohibit the over-expression of IL-1 Type 3 receptors, or the 

linkages). expression of mutant IL-1 Type 3 receptors. Within another 

Within a particularly preferred embodiment, PCR ampli- embodiment, viral vectors are provided which direct the 

fication is utilized to detect or obtain a IL-1 Type 3 receptor expression of IL-1 Type 3 receptor cDNA. Viral vectors 

DNA. Briefly, a s described in reater detail below, a DNA 65 suitable for use in the present invention include, among 

sample is denatured at 95* C, in order to generate single others, recombinant vaccinia vectors (U.S. Pat, Nos. 4,603, 

stranded DNA. Specific primers, as discussed below, are 112 and 4,769,330), recombinant pox virus vectors (PCT 
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Publication No. WO 89/01973), and preferably, recombinant 
retroviral vectors ("Recombinant Retroviruses with Ampho- 
tropic and Ecoptropxc Host Ranges/' PCT Publication No. 
WO 90/02806; "Retroviral Packaging Cell Lines and Pro- 
cesses of Using Same," PCT Publication No. WO 89/07150; 
and "Antisense RNA for Treatment of Retroviral Disease 
States," PCT Publication No, WO/0345l) ? and herpesvirus 
vectors (Kit, Adv. Exp, Med. Biol. 215:219-236, 1989; U.S. 
Pat. No. 5,288,641). 

Within various embodiments of the invention* the above- 
described compositions may be administered in vivo, or ex 
vivo. Representative routes for in vivo administration 
include intradermal^ ("i.d"), intracranial^ ("i.e."), intrap- 
eriioneally ("Lp."), intralhecally ("i.t/% intravenously 
("i.v."), subcutaneously ("s.c") or intramuscularly ("i.m "). 

Within other embodiments of the invention, the vectors 
which contain or express nucleic acid molecules of the 
present invention, or even the nucleic acid molecules 
themselves, may be administered by a variety of alternative 
techniques, including for example direct DNA injection 
(Acsadi et aL> Nature 352:815-818, 1991); microprojectile 
bombardment (Williams et al, PNAS 88:2726-2730, 1991); 
liposomes (Pickering et al., Circ, 89(1): 13-21, 1994; and 
Wang et al., PNAS 84:7851-7855, 1987); lipofection 
(Feigner et al, Proa Natl Acad. Sci. USA 84:7413-7417, 
1989); DNA ligand (Wu et a!., of Biol. Ckem. 
264:16985-16987, 1989); administration of DNA linked to 
killed adenovirus (Michael et al., J. Biol Chem, 
268(10);6866-6869, 1993; and Curie! et al., Hum. Gene 
Ther 3(2): 147-154, 1992), retrotransposons, cytofectin- 
mediated introduction (DMRIE-DOPE, Vical, Calif.) and 
transferrin -DNA complexes (Zenke). 

The following examples are offered by way of illustration, 
and not by way of limitation. 

EXAMPLES 

Example 1 

Isolation of Interleukin-l Type 3 Redeptor cDNA 
A. Isolation of Interleukin-1 Type 3 Receptor cDNA From a 
Rat Lung cDNA Library 

Male Sprague-Dawley rats (Madison, Wis.) weighing 
between 175-250 gm are decapitated, and the lungs excised. 
Total RNA is then isolated from the lung utilizing a Promega 
RNAgents Total RNA Kit (catalog #Z5110, Promega, Wis.) 
according to the manufacturers instructions, followed by the 
isolation of poly A*RNA utilizing a Promega PolyATract kit 
(catalog #Z5420). A cDNA phage library is then prepared 
utilizing a Giga-Pack Gold library construction kit according 
to the manufacturers* instructions (catalog #237611, 
Stratagene, LaJolla, Calif.), which is in turn plated and 
screened essentially as described by Sambrook et aL, 
(Molecular Cloning) with oligonucleotide (5 T - 
CTTCAACTGC ACATACCCTC CAGTAACAAA 
CGGGGCAGTG AATCTGACAT-3') (Sequence LD. No. 
6). This oligonucleotide is complementary to nucleotides 
211-260 of the rat IL-1 Type 3 receptor cDNA sequence 
shown in Sequence LD. No. 3. 

The phage library is rescreened until a single pure phage 
isolate is obtained. The phage is then grown on bacterial host 
XLl»BIue (Stratagene, LaJolla, Calif.), and plasmid DNA is 
excised with ExAssist helper phage (Stratagene) in SOLR 
cells. The SOLR cells are then plated, and plasmid DNA is 
isolated and sequenced utilizing the Sanger dideoxy proto- 
col. 

A rat IL-1 Type 3 receptor cDNA sequence that may be 
obtained utilizing this procedure is set forth in Sequence I.D. 
No. 3. 
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B. Isolation of Interleukin-1 Type 3 Receptor cDNAFrorn a 
Commerically Available Rat cDNA Library 

IL-1 Type 3 receptor cDNA can also be isolated from 
commercially available rat cDNA libraries. For example, 
5 two million plaques from a rat phage library (Clontech, 
catalog #RL1048a) may be plated according to the manu- 
facturer's instructions, and screened with oligonucleotide 
Sequence I.D. No. 6 essentially as described above. 
A rat Type 3 receptor cDNA sequence that may be 
10 obtained utilizing this procedure is set forth in Sequence LD. 
No.3. 

C. Isolation of IL-1 Type 3 Receptor cDNA From a Human 
cDNA Library 

IL-1 Type 3 receptor cDNA can also be isolated from 

15 commercially available human cDNA libraries. Briefly, 
approximately two million plaques from a human phage 
library (Clontech, catalog #HH158a) are plated according 
to the manufacturers instructions, and screened with oligo- 
nucleotide (5'-CCTCCCATAA CATCTGGGGA AGT- 

20 CAGTGTA ACATGGTATA A A A ATTCTA G C-3') 
(Sequence LD. No. 7) essentially as described above. This 
oligonucleotide is complementary to nucleotides 260-310 of 
the human IL-1 Type 3 receptor cDNA sequence shown in 
Sequence LD* No. 1. 

25 The phage library is rescreened and isolated as described 
above. The human sequence that is obtained utilizing this 
procedure is approximately 89.1% identical at the nucleotide 
level and 89.2% identical at the amino acid level to that of 
the common region of the above-described rat IL-1 Type 3 

30 receptors. 

Example 2 

Expression of IL-1 Type 3 Receptor cDNA 
A. Expression of Rat Interlcuku>l Type 3 Receptor 

35 In order to express IL-1 Type 3 receptor cDNA, a mam- 
malian cell expression vector (pCDM7amp) is first con- 
structed. Briefly, pCDM7amp is a DNA plasmid which 
contains 1) an ampicillin resistance gene that provides for 
selection in prokaryotic cells, 2) a bacterial origin of repli- 

40 cation which allows propagation and amplification in host 
bacterial cells, 3) a CMV (cytomegalovirus) promoter which 
sponsors transcription in mammalian cells, 4) a multiple 
cloning site (MCS), which is a series of adjacent restriction 
sites in the DNAsequence ma! are useful for the insertion of 

45 appropriate DNA fragments, and 5) a SV 40 T-antigen splice 
and polyadenylalion site. 

pCDM7-Amp is constructed from pCDMS (Seed, Nature 
329:840-842, 1987; Seed and Aruifo, Proc. Natl. Acad. Sci. 
84:3365-3369, 1987; Thomsen et al, Cell 63:435-493, 

50 1990; Bernot and Auffray, Proc. Natl. Acad. Sci 
88:2550-2554, 1991; Han et ah, Nature 349:697-700, 1991) 
by deletion of the adeno origin of replication, M13 origin of 
replication and sup F selection marker. An ampicillin resis- 
tance marker is then added in order to facilitate selection of 

55 the plasmid. 

A full-length rat IL-1 Type 3 receptor clone in 
pBluescriptSK — is isolated from the phage clone described 
above, and cut with EcoRV and Hindi!!, releasing two 
inserts. The inserts are then isolated and ligated to pCDM7- 

60 Amp which had been similarly cut. The resulting product is 
used to transform E. colt DH5a, and colonies are examined 
by restriction digests for correct orientation of the two 
inserts (i.e., proper formation of the IL-1 Type 3R coding 
sequence.) 

65 COS-7 (ATCC No. CRL 1651) cells are then transfected 
with pCDM7-Amp containing IL-1 Type 3 receptor cDNA 
(10 ug DNA/10 cm plate of cells) utilizing 400 /xg/ml of 
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DEAE-Dextran and 100 {M cbloroquine. The cells are 
transfected for 4 hours, then shocked with 10% DMSO for 
2 minutes. The cells are then washed, and grown in DMEM 
containing 10% Fetal Bovine Serum for 2 days in a 24~well 
plate. 5 
B, Expression of Human Interleukin-1 Type 3 Receptor 

A full-length human IL-1 Type 3 receptor clone in 
pBluescriptSK — is isolated from the phage clone described 
above, and cut with NotI and Xhol, releasing the insert. The 
insert is then isolated and ligated to pCDM7-Amp which had to 
been similarly cut. The resulting product is used to transform 
E. coli DH5a, from which larger quantities of plasmid DNA 
may be isolated. 

COS-7 (ATCC No. CRL 1651) cells are then transfected 
with pCDM7~Amp containing IL-1 Type 3 receptor cDNA 15 
(10 ug DNA/10 cm plate of cells) utilizing 400 ^g/ml of 
DEAE-Dextran and 100 juM cbloroquine. The cells are 
transfected for 4 hours, then shocked with 10% DMSO for 
2 minutes. The cells are then washed, and grown in DMEM 
containing 10% Fetal Bovine Serum Cor 2 days in a 24- well 20 
plate. 

Example 3 

Construction and Expression of Soluble Human 

Interleukim-1 Type 3 Receptor 25 
A. Plasmid Construction 

1. Vector Preparation 

An expression vector containing the N-terminai portion of 
the human IL-1 type 3 receptor, also referred to as the 
"soluble" form of the receptor, is constructed essentially as 30 
described below. Briefly, pCDM7amp DNA (as described 
above) is subjected to restriction endonuclease digestion 
with two enzymes, NotI and Xhol, each of which have one 
recognition site in this vector, both located in the MCS. The 
product is a linearized DNA fragment with the CMV 35 
promoter/enhancer immediately upstream of the cut site, and 
the polyadenylation signal downstream of the cut site. 

After digestion, the cleaved vector is isolated by agarose 
gel electrophoresis and purified using the Gene Clean pro- 
cedure (Bio 101, San Diego ? Calif.). The vector is now ready 40 
to combine with a DNA fragment encoding the soluble 
human IL-3 type 3 receptors. 

2. Insert Preparation 

Into this prepared vector is ligated a DNA fragment 
containing the coding region of the first 336 amino acids of 45 
the human IL-1 type 3 receptor set forth in Sequence ID No. 
1 (from nucleotide number 129 to nucleotide number 1136). 

Briefly, two oligonucleotides are first synthesized for use 
as primers in PCR. These oligonucleotides can be synthe- 
sized on a DNA synthesizer. The first primer consists of the 50 
sequence 5' -CCTACTCG AG ATGTGGTCCT 
TGCTGCTC-3'(Sequence ID No; 8). The first four nucle- 
otides of this sequence serve as a spacer, and increase the 
emeiency of endonuclease cleavage in a subsequent reaction 
to be described. Nucleotides 5 through 10 encode a Xhol 55 
endonuclease cleavage site, and nucleotides 11 through 28' 
are identical to the N-terminal coding region of the human 
IL-type 3 receptor (nucleotides 129 to 146 in Sequence ID 
No: 1)). 

The second primer consists of the sequence 60 
S'-ATGCGCGGCC GCCTATCGAA AATCCGGAGC 
TGG-3' (Sequence Id No: 9). The first four nucleotides of 
this sequence serve as a spacer, and increase efficiency of 
endonuclease cleavage in a subsequent reaction to be 
described. Nucleotides 5 through 12 encode a NotI endo- 65 
nuclease cleavage site, Nucleotides 13 through 15 encode a 
translation stop codon, and nucleotides 16 though 33 are 



complementary to the coding region of the human IL-1 type 
3 receptor immediately preceding the transmembrane region 
(nucleotides 1133 through 1116 in Sequence ID No, 1). 

The fragment encoding soluble human IL-1 type 3 recep- 
tor is then generated by PCR* Briefly, 100 ng of each primer 
are combined in a 0.5 ml test tube, along with 1 ng of the 
entire human IL-1 type 3 receptor DNA sequence contained 
in a cloning vector, such as Bluescript (Stratagene, La Jolla, 
Calif.), Ten microliters of lOxPCR buffer, 5 ul of 25 mM 
MgCl, 1 ul of 25 mM aTP, and 1 ul of Taq polymerase/Vent 
polymerase (16:1 ratio) are also added to the reaction. The 
complete sample is then overlayed with 100 ul of mineral oil 
to prevent evaporation, and the sample is placed in a 
therrnocycler. Reaction conditions are: 94° C for 15 
seconds, 55° C. for 60 seconds, and 72° C. for 60 seconds. 
These conditions are repeated for 25 cycles. 

Product from the reaction is analyzed by agarose gel 
electrophoresis to verify the size of the fragment (1009 bp) 
and also to determine the approximate amount of DNA 
generated. The DNA is then isolated by phenol/chloroform 
extraction and purified over a G-50 mini-spin column 
(Boehringer Mannheim, Indianapolis, Ind.). Approximately 
10 ug of the purified DNA fragment is digested with 20 units 
each of Xhol and Noil restriction endonucleases in a stan- 
dard reaction to generate cohesive ends on the fragment 
which are compatible with the pCDM7 vector prepared as 
detailed above. The digested fragment is then agarose gel 
purified to remove impurities and contaminating DNA spe- 
cies. 

3. Ligation 

One hundred nanograms of vector DNA is combined with 
100 ng of insert DNA in a 1.5 ml mini-tube with 1 ul of 
lOxligation buffer, 1 ul of DNA ligase (Boehringer 
Mannheim), and water to a total volume of 10 ul. This 
sample is incubated at 23° C. for 2 hours. 

4. Transformation 

One hundred microliters of competent £. coli bacteria 
cells are combined with the ligation product and incubated 
on ice for 30 minutes. The sample is then incubated at 42° 
C. for 45 seconds. One milliliter of bacterial medium (Circle 
Grow, Bio 101, San Diego, Calif.) is then added, and the 
sample is shaken at 37° C for 60 minutes. The sample is 
then plated on a bacterial growth plate containing bacterial 
medium and ampicillin at 100 ug/rnl (Fisher Scientific), and 
incubated for 16 hours at 37° C. 

5. Construct verification 

Ten colonies from the ampicillin plate are selected and 
grown in 1 ml of bacterial medium for 24 hours. One 
hundred microliters of each culture is stored by adding an 
equal volume of 50% glycerol solution and frozen at -70° C. 
in mini-tubes. Plasmid DNA is then extracted from the 
remaining cultures by the mini-prep procedure essentially as 
described by Maniatis el aL (supra), and the recovered 
DNAs are analyzed by restriction digest with Xhol and NotI 
restriction endonucleases. The products of restriction digest 
are visualized by agarose gel electrophoresis and ethidiura 
bromide staining. Correct plasmids will yield two bands: a 
vector band of approximately 3 kilobases, and an insert 
fragment of 1009 bases. 

The frozen stock of a colony containing the correct 
plasmid is used to inoculate one liter of bacterial growth 
medium containing ampicillin (100 ug/ml). The culture is 
shaken at 37° C. for 24 hours, and plasmid DNA is isolated 
by a maxi-prep procedure (Promega). The portion on this 
plasmid coding for soluble human IL-1 type 3 receptor is 
analyzed by DNA sequencing (U.S. Biochemical) in order to 
verify that the sequence is correct. 



US 6,239,268 Bl 

25 26 

B. Transfection Procedure and Expression Briefly, dissected tissue is frozen in isopentane cooled to 
COS-7 (ATCC No. CRL 1651) or L4lT cells (ATCC No. -42° C. and subsequently stored at -80° C prior to sec- 

CCL 1.3 ) are seeded at lxlG* 5 or 3x10^ cells on 10 cm tissue tioning on a cryostat. Slide-mounted tissue sections are then 
culture dishes and incubated over night. Cells are then stored at -80* C Sections are removed from storage and 
transfected by a standard DEAE dextran method. Briefly, 10 5 P^ced directly into 4% buffered paraformaldehyde at room 
Mg of IL-l type 3 receptor expression plasmid DNA are temperature. After 60 minutes, slides are rinsed in isotonic 
diluted in 3 ml of Dulbecco's modified Minimum Essential phosphate buffered saline (10 min.) and treated with pro- 
Medium (D-MEM) supplemented with glutamine, pyruvate, tc ™ asc K 100 ^wW* P H 8 -°> f ° r 1° 
25 rnM HEPES, 100 microgram/ml DEAE dextran (0.5 Md., mn f * at 37 C n Sub ^f ft sectl ° ns f° 
Sigma, St. Louis) and 0.1 mM chloroquine (Sigma). Cells 10 To™ r 0 ufh u " Incjhaaoliifflw (pH SX> 

are incubated in this transfection mixture for 4 hours at 3T plus 025% acetlC anh y dnde ) for 10 mi0 ^ 5 and 2xSSC ( a3 

are incubated m tins transtection mixture lor 4 hours at 3 / mM NaQ q Q3 mM sodilim citrate pH 72 ) £ or 5 minutes, 

C. Alter one washing step with D-MEM cells are mcubated ^ then dcb drated th £ de ; d alcohoIs aad 
for 48 hours in D-MEM supplemented with 10% fetal calf air drk(i Postfcfixcd sections are hybridized with 1.0x10* 
serum. At this stage cells are ready for further analysis of the dpm [3 5 s]UTIMabeied riboprobes in hybridization buffer 
expressed IL-l type 3 receptor. as containing 75% formamide, 10% dextran sulphate, 3xSSC, 

p i 4 50 mM sodium phosphate buffer pH 7,4), IxDenhardfs 

example -* solution, 0.1 mg/ml yeast tRNAand 10 mM dithiothreitol in 

Signaling of 1L-1 via the IL-l Type 3 Receptor in a a total volume of 30 /d. The diluted probe is applied to 

Functional Assay sections on a glass coverslip and hybridized overnight at 55° 

„ , , „ _ kT . . „ 4 _. TA 20 C. in a humid environment. Post-hybridization, sections are 

IL-l type 1 receptor cDNA and type 3 receptor cDNA are fa f ' 

separately transfected into Jurkat cells (ATCC no TIB 152) A ^ Trjs/H ^ 

together w„h a reporter p asrmd consisting of the HIV ^ fof 6Q g( 3r Q ^ afe 



promoter region (HI V-LTR) linked to the bacterial chloram- 



washed in 2xSSC for 5 minutes, 133 SSC for 5 minutes, 



phemco acety transferase (CAT) gene. Stimulator, of the 2S fl ^ for w mjm ^ w xSSC rwnj 

transfected cells w«h human IL-l alpha leads through a , atufe for 5 minutes and theD dehydraied to graded 

mII 8 „ CaS T T g f X- lra ^ C u" P ° n T -toohob and air dried. For signal detection, sections are 
NF-kappaB to the production of CAT wh,ch m mm can be lace(J Qn Kodak Bio Max x _ * film aRd ^ fof 

measured by commercially available assays (Promega, f ired f ^ Qr di J fa hot ^ 

SS^uJSz 1994^ 8 30 (^"^^am LM-i) for high resolution analysis. Autorad- 
oy.l^ y iz>?5 , iy^4> iograrns are analyzed using automated image analysis 
Results are shown in FIG, 3. Briefly, approximately equal (DAGE camera/Mac II) while dipped sections were exam- 
stimulation of CAT activity for both receptors can be seen ^ ned Rising a Zeiss Axioscopc. 

over mock transfected control cells. This indicates that C. Inhibition of Thymocyte Proliferation by the IL-l Type 3 

human IL-l alpha can signal through the IL-l type 3 35 & ece pi or 

receptor. Ability of the IL-l type 3 receptor to inhibit mouse 

Example 5 thymocyte proliferation may also be examined. Briefly, the 

proliferative response of T lymphocyte lectins such as 

Expression, Localization, and Activity of the IL~1 phytohemagghitin (PHA) is very low, but is markedly 

Type 3 Receptor 40 enhanced by Ilxt. Thus, soluble type human and rat type 3 

A. Expression Pattern of the IL-l Type 3 Receptor receptors may be utilized to competitively inhibit prolifera- 

In order to determine in which rat tissues and parts of the t ion of mouse thymocytes stimulated by IL-L Soluble 

rat brain the IL-l Type 3 receptor is expressed, RNA human Type 1 receptor produced in baculovirus may be used 

protection assays are performed. Briefly, total RNA is iso- as a positive control 

lated from each tissue or part of the brain and annealed at 45 Briefly, soluble IL-l type 1 or type 3 receptors are added 

65° C. to 32 P~iabeled RNA generated from a plasmid con- to wells of a 96 well plate and serially diluted IL-l is also 

taining a 600 bp fragment which covers the entire trans- added. Thymi are removed from young mice and a single 

membrane region and portions of the extracellular and cell suspension prepared in tissue culture media. Cells are 

intracellular domains of the Type 3 receptor cDNA, Samples washed 3 times and resuspended at a concentration of 10 7 

are then digested with RNase and fractionated on a dena- 50 cells/ml Cells are plated at 100 microliters in a 96 well flat 

turing polyacrylamice gel. The gel is then dried and the bottom microliter plate. PHA is added to stimulate the cells, 

radioactivity quantitated using a Phospholmager (FIG. 4). ^tes are then incubated for 48 hours in a 37° C, 5% CO^ 

As can be seen in FIG. 4, the highest level of expression humidified incubator, and [ 3 H] thymidine is added to the 

is in the lung, followed by the epididymus and testis. When cell ?^ r the ksl 4 t0 6 hours ' Cells are then ha ™ sted and 

various areas of the brain are examined, the cerebral cortex 55 th ^ ™ &ymidme ^corporation determined by liquid scm- 

contains the highest level of the Type 3 receptor, although nn f ™ cmn } m §' c u <u u „ - , , , , 

other areas of the brain were also positive. ( As shown id FIG. 5 bo fa human L~l type 3 and rat IL-l 

"ft localization of the TT 1 Time % Rerenior bv Tn Sim 3 fCce P tors effectively inhibit thymocyte proliferation 

fy ^ can ^ tlon ot tbe . 1L -l ^P e 3 Receptor by In Situ fe a mmmx $imUaj . {Q ^ observed for human type 

Hyondization t 1 receptor. This result strongly indicates that the type 3 

Utilizing in situ hybridization histochemistry the IL-l 60 {0T iohibit& tbym0Cyte pr0 Hferation by binding to the 

type 3 receptor may be found in the thymus and the spleen. exogenously added IL-l. 

In the thymus the signal is most prominent in the cortical p r0ni the foregoing, it will be appreciated that, although 

region and not in the medulla. Within the rat brain the IL-l specific embodiments of the invention have been described 

type 3 receptor expression is detectable in the hippocampus herein for purposes of illustration, various modifications 

and the fourth ventricle. This is in contrast to the localization es may be made without deviating from the spirit and scope of 

of the IL-l type 1 receptor which is restricted to the dentate the invention. Accordingly, the invention is not limited 

gyrus granule cells. except as by \hc appended claims. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION : 

(iii) NUMBER OP SEQUENCES: 9 

(2} INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 1963 base pairs 
(B) TYPE: nucleic acid 
<C) STRANDEDNESS: ©ingle 
{D) TOPOLOGY : linear 

(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 129,, 1814 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : Is 

CGCCCGCCCA CGGCGGCGGG GAAATACCTA GGCATGGAAG TGGCATGACA GGGCTCGTGT 60 

CCCTGTCATA TTTTCCACTC TCCACGAGGT CCTGCGCGCT TCAATCCTGC AGGCAGCCCG 120 

GTTTGGGG ATG TOG TCC TTG CTG CTC TGC GGG TTG TCC ATC GCC CTT CCA HO 
Met Trp Ser Leu Leu Leu Cys Gly Leu Ser He Ala Leu Pro 
1 5 ID 

CTG TCT GTC ACA GCA GAT GGA TGC AAG GAC ATT TTT ATG AAA AAT GAG 218 
Leu Ser Val Thr Ala Asp Gly Cys Lye Asp He Phe Met Lys Asn Glu 
15 20 25 ' 30 

ATA CTT TCA GCA AGC CAG CCT TTT GOT TTT AAT TGT ACA TTC CCT CCC 266 
He Leu Ser Ala Ser Gin Pro Phe Ala Phe Asn Cys Thr Phe Pro Pro 
35 40 45 

ATA ACA TCT GGG GAA GTC AGT GTA ACA TGG TAT AAA AAT TCT AGC AAA 314 
He Thr Ser Gly Glu Val Ser Val Thr Trp Tyr Lys Asn Ser Ser Lye 
50 55 60 

ATC CCA GTG TCC AAA ATC ATA CAG TCT AGA ATT CAC CAG GAC GAG ACT 362 
He Pro Val Ser Lye He He Gin Ser Arg He Hie Gin Asp Glu Thr 
65 70 75 

TGG ATT TTG TTT CTC CCC ATG GAA TGG GGG GAC TCA GGA GTC TAC GAA 410 
Trp He Leu Phe Leu Pro Met Glu Trp Gly Asp Ser Gly Val Tyr Gin 
80 85 90 

TGT GTT ATA AAG GGT AGA GAC AGC TGT CAT AGA ATA CAT GTA AAC CTA 458 
Cys Val He Lys Gly Arg Asp Ser Cys His Arg He His Val Asn Leu 
95 100 105 110 

ACT GTT TTT GAA AAA CAT TGG TGT GAC ACT TCC ATA GGT GGT TTA CCA 506 
Thr Val Phe Glu Lys His Trp Cys Asp Thr Ser He Gly Gly Leu Pro 
115 120 125 

AAT TTA TCA GAT GAG TAC AAG CAA ATA TTA CAT CTT GGA AAA GAT GAT 554 
Asn Leu Ser Asp Glu Tyr Lys Gin He Leu His Leu Gly Lys Asp Asp 
130 135 140 

AGT CTC ACA TGT CAT CTG CAC TTC CCG AAG AGT TGT GTT TTG GGT CCA 602 
Ser Leu Thr Cys His Leu Hie Phe Pro Lye Ser Cys Val Leu Gly Pro 
145 150 155 

ATA AAG TGG TAT AAG GAC TGT AAC GAG ATT AAA GGG GAG CGG TTC ACT 650 
He Lye Trp Tyr Lye Aep Cys Aen Glu He Lys Gly Glu Arg Phe Thr 
160 165 170 

GTT TTG GAA ACC AGG CTT TTG GTG AGC AAT GTC TCG GCA GAG GAC AGA 698 
Val Leu Glu Thr Arg Leu Leu Val Ser Asn Val Ser Ala Glu Asp Arg 
175 180 185 190 

GGG AAC TAC GCG TGT CAA GCC ATA CTG ACA CAC TCA GGG AAG CAG TAC 74 6 

Gly Asn Tyr Ala Cys Gin Ala He Leu Thr His Ser Gly Lys Gin Tyr 
195 200 205 



GAG GTT TTA AAT GGC ATC ACT GTG AGC ATT ACA GAA AGA GCT GGA TAT 



794 
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Glu Val Leu Asn Gly lie Thr Val Ser He Thr Glu Arg Ala Gly Tyr 
210 215 220 



GGA GGA AGT GTC CCT AAA ATC ATT TAT CCA AAA AAT CAT TCA ATT GAA 
Gly Gly Ser Val Pro Lys lie He Tyr Pro Lye Asn Hie Ser lie Glu 
225 230 235 



842 



GTA CAG CTT GGT ACC ACT CTG ATT GTG GAC TGC AAT GTA ACA GAC ACC 
Val Gin Leu Gly Thr Thr Leu lie Val Asp Cys Asn Val Thr Asp Thr 
240 245 250 



890 



AAG GAT AAT ACA AAT CTA CGA TGC TGG AGA GTC AAT AAC ACT TTG GTG 
Lys Asp Asn Thr Asn Leu Arg Cys Trp Arg Val Asn Asn Thr Leu Val 
255 260 265 270 



GAT GAT TAC TAT GAT GAA TCC AAA CGA ATC AGA GAA GGG GTG GAA ACC 
Aep Asp Tyr Tyr Asp Glu Ser Lys Arg lie Arg Glu Gly Val Glu Thr 
275 280 285 



986 



CAT GTC TCT TTT CGG GAA CAT AAT TTG TAC ACA GTA AAC ATC ACC TTC 
His Val Ser Phe Arg Glu His Asn Leu Tyr Thr Val Asn Tie Thr Phe 
290 295 300 



1034 



TTG GAA GTG AAA ATG GAA GAT TAT GGC CTT CCT TTC ATG TGC CAC GCT 
Leu Glu Val Lys Met Glu Asp Tyr Gly Leu Pro Phe Met Cys His Ala 
305 310 315 



1082 



GGA GTG TCC ACA GCA TAC ATT ATA TTA CAG CTC CCA GCT CCG GAT TTT 
Gly Val Ser Thr Ala Tyr lie lie Leu Gin Leu Pro Ala Pro Aep Phe 
320 325 330 



1130 



CGA GCT TAC TTG ATA GGA GGG CTT ATC GCC TTG GTG GCT GTG GCT GTG 
Arg Ala Tyr Leu lie Gly Gly Leu lie Ala Leu Val Ala Val Ala Val 
335 ^ 340 345 350 



1178 



TCT GTT GTG TAC ATA TAC AAC ATT TTT AAG ATC GAC ATT GTT CTT TGG 
Ser Val Val Tyr He Tyr Asn He Phe Lys lie Aep He Val Leu Trp 
355 360 365 



1226 



TAT CGA AGT GCC TTC CAT TCT ACA GAG ACC ATA GTA GAT GGG AAG CTG 
Tyr Arg Ser Ala Phe His Ser Thr Glu Thr He Val Asp Gly Lye Leu 
370 375 380 



1274 



TAT GAC GCC TAT GTC TTA TAC CCC AAG CCC CAC AAG GAA AGC CAG AGG 
Tyr Asp Ala Tyr Val Leu Tyr Pro Lys Pro His Lys Glu Ser Gin Arg 
385 390 395 



1322 



CAT GCC GTG GAT GCC CTG GTG TTG AAT ATC CTG CCC GAG GTG TTG GAG 
His Ala Val Asp Ala Leu Val Leu Asn He Leu Pro Glu Val Leu Glu 
400 405 410 



1370 



AGA CAA TGT GGA TAT AAG TTG TTT ATA TTC GGC AGA GAT GAA TTC CCT 
Arg Gin Cys Gly Tyr Lys Leu Phe He Phe Gly Arg Asp Glu Phe Pro 
415 420 425 430 



1418 



GGA CAA GCC GTG GCC AAT GTC ATC GAT GAA AAC GTT AAG CTG TGC AGG 
Gly Gin Ala Val Ala Asn Val lie Asp Glu Asn Val Lys Leu Cys Arg 
435 440 445 



1466 



AGG CTG ATT GTC ATT GTG GTC CCC GAA TCG CTG GGC TTT GGC CTG TTG 
Arg Leu He Val He Val Val Pro Glu Ser Leu Gly Phe Gly Leu Leu 
450 455 460 



1514 



AAG AAC CTG TCA GAA GAA CAA ATC GCG GTC TAC AGT GCC CTG ATC CAG 
Lys Asn Leu Ser Glu Glu Gin He Ala Val Tyr Ser Ala Leu He Gin 
465 470 475 



1562 



GAC GGG ATG AAG GTT ATT CTC ATT GAG CTG GAG AAA ATC GAG GAC TAC 
Asp Gly Met Lys Val He Leu He Glu Leu Glu Lys He Glu Asp Tyr 
480 485 490 



1610 



ACA GTC ATG CCA GAG TCA ATT CAG TAC ATC AAA CAG AAG CAT GGT GCC 
Thr Val Met Pro Glu Ser He Gin Tyr He Lys Gin Lys Hie Gly Ala 
495 500 505 510 



1658 



ATC CGG TGG CAT GGG GAC TTC ACG GAG CAG TCA CAG TGT ATG AAG ACC 
He Arg Trp His Gly Asp Phe Thr Glu Gin Ser Gin Cys Met Lye Thr 
515 520 525 
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AAG TTT TGG AAG AC A GTG AGA TAC CAC ATG CCG CCC AGA AGG TGT CGG 1754 
Lys Phe Trp Lys Thr Val Arg Tyr Bis Met Pro Pro Arg Arg Cys Arg 
530 535 540 

CCG TTT CTC CGG TCC ACG TGC CGC AGC AC A CAC CTC TGT ACC GCA CCG 1802 
Pro Phe Leu Arg Ser Thr Cys Arg Ser Thr His Leu Cys Thr Ala Pro 
5A5 550 555 

CAG GCC CAG AAC TAGGCTCAAG AAGAAAGAAG TGTACTCTCA CGACTGGCTA 1854 
Gin Ala Gin Asn 
560 

AGACTTGCTG GACTGACACC TATGGCTGGA AGATGACTTG TTTTGCTCCA TGTCTCCTCA 1914 
TTCCTACACC TATTTTCTGC TGCAGGATGA GGCTAGGGTT AGCATTCTAG A 1965 



(2) INFORMATION FOR SECj IP NO: 2; 

(i) SEQUENCE CHARACTERISTICS i 

(A) LENGTH; 562 amino acids 

(B) TYPE; aidLno acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; protein 

(Xl) SEQUENCE DESCRIPTION: SEQ ID NO: 2i 

Met Trp Ser Leu Leu Leu Cys Gly Leu Ser He Ala Leu Pro Leu Ser 
1 5 10 15 

Val Thr Ala Asp Gly Cys Lys Asp lie Phe Met Lys Asn Glu He Leu 
20 25 30 

Ser Ala Ser Gin Pro Phe Ala Phe Asn Cys Thr Phe Pro Pro He Thr 
35 40 45 

Ser Gly Glu Val Ser Val Thr Trp Tyr Lys Aen Ser Ser Lys He Pro 
50 55 60 

Val Ser Lys He He Gin Ser Arg He Hie Gin Asp Glu Thr Trp He 
65 70 75 80 

Leu Phe Leu Pro Met Glu Trp Gly Asp Ser Gly Val Tyr Gin Cys Val 
85 90 95 

He Lys Gly Arg Asp Ser Cys His Arg He His Val Aen Leu Thr Val 
100 105 no 

Phe Glu Lys His Trp Cys Asp Thr Ser He Gly Gly Leu Pro Asn Leu 
115 120 125 

Ser Asp Glu Tyr Lys Gin He Leu His Leu Gly Lys Asp Asp Ser Leu 
130 135 140 

Thr Cys His Leu His Phe Pro Lys Ser Cys Val Leu Gly Pro He Lys 
145 150 155 160 

Trp Tyr Lys Asp Cye Asn Glu He Lys Gly Glu Arg Phe Thr Val Leu 
165 170 175 

Glu Thr Arg Leu Leu Val Ser Asn Val Ser Ala Glu Asp Arg Gly Asn 
180 185 190 

Tyr Ala Cys Gin Ala He Leu Thr His Ser Gly Lye Gin Tyr Glu Val 
195 200 205 

Leu Asn Gly He Thr Val Ser He Thr Glu Arg Ala Gly Tyr Gly Gly 
210 215 220 

Ser Val Pro Lys He He Tyr Pro Lys Asn Bis Ser He Glu Val Gin 
225 230 235 240 

Leu Gly Thr Thr Leu He Val Asp Cys Asn Val Thr Asp Thr Lys Asp 
245 250 255 

Asn Thr Asn Leu Arg Cye Trp Arg Val Asn Asn Thr Leu Val Asp Asp 
260 265 270 
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Tyr Tyr Asp Glu Ser Lye Arg He Arg Glu Gly Val Glu Thr His Val 
275 280 285 

Ser Phe Arg Glu His Asn Lea Tyr Thr Val Asn lie Thr Phe Leu Glu 
290 295 " 300 

Val Lye Met Glu Asp Tyr Gly Leu Pro Phe Met Cys His Ala Gly Val 
305 310 ' 315 320 

Set Thr Ala Tyr lie He Leu Gin Leu Pro Ala Pro Asp Phe Arg Ala 
325 330 335 

Tyr Leu lie Gly Gly Leu lie Ala Leu Val Ala Val Ala Val Sex Val 
340 345 350 

Val Tyr lie Tyr Asn lie Phe Lys lie Asp He Val Leu Trp Tyr Arg 
355 360 365 

Ser Ala Phe His Ser Thr Glu Thr He Val Asp Gly Lys Leu Tyr ABp 
370 375 380 

Ala Tyr Val Leu Tyr Pro Lys pro His Lys Glu Ser Gin Arg His Ala 
385 390 395 400 

Val Asp Ala Leu Val Leu Asn He Leu Pro Glu Val Leu Glu Arg Gin 
405 410 415 

Cys Gly Tyr Lys Leu Phe He Phe Gly Arg Asp Glu Phe Pro Gly Gin 
420 425 430 

Ala Val Ala Asn Val He Asp Glu Asn Val Lye Leu Cys Arg Arg Leu 
435 440 445 

He Vol He Val Val Pro Glu Ser Leu Gly Phe Gly Leu Leu Lye Asn 
450 455 460 

Leu Ser Glu Glu Gin He Ala Val Tyr Ser Ala Leu He Gin Asp Gly 
465 470 475 480 

Met Lys Val He Leu He Glu Leu Glu Lys He Glu Asp Tyr Thr Val 
485 490 495 

Met Pro Glu Ser He Gin Tyr He Lys Gin Lys His Gly Ala He Arg 
500 505 510 

Trp Bis Gly Asp Phe Thr Glu Gin Ser Gin Cys Met Lys Thr Lys Phe 
515 520 525 

Trp Lys Thr Val Arg Tyr His Met Pro Pro Arg Arg Cys Arg Pro Phe 
530 535 540 

Leu Arg Ser Thr Cys Arg Ser Thr His Leu Cye Thr Ala Pro Gin Ala 
545 550 555 560 

Gin Asn 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2044 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
<p) TOPOLOGY: linear 

<ix) FEATURE: 

<A) NAME/KEY: CDS 

<B) LOCATION: 89*. 1771 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CCGGCTGGCC TAGGATCAGG CAAGAAAAGG CTGAACGCCT TTCTAAGGAC GGACTCTTTC 60 

TGTACAGCTC CACTTGGGGA AGCCCGAA ATG GGG ATG CCA CCC TTG CTC TTC 112 




TGT TGG GTG TCT TTC GTG CTT CCA CTT TTT GTG GCA GCA GGT AAC TGT 
Cys Trp Val Ser Phe Val Leu Pro Leu Phe Val Ala Ala Gly Asn Cys 



160 
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10 15 20 

ACT GAT GTC TAT ATG CAC CAT GAG ATG ATT TCA GAG GGC CAG CCT TTC 208 
Thr Asp Val Tyr Met His His Glu Met lie Ser Glu Gly Gin Pro Phe 
25 " 30 35 40 

CCC TTC AAC TGC ACA TAC CCT CCA GTA ACA AAC GGG GCA GTG AAT CTG 256 
Pro Phe Asn Cys Thr Tyr Pro Pro Val Thr Asn Giy Ala Val Asn Leu 
45 50 55 

ACA TGG CAT AGA ACA CCC AGT AAG AGC CCA ATC TCC ATC AAC AGA CAC 304 
Thr Trp His Arg Thr Pro Ser Lye Ser Pro He Ser He Asn Arg His 
60 65 70 

GTT AGA ATT CAC CAG GAC CAG TCC TGG ATT TTG TTT CTT CCG TTG GCA 352 
Val Arg lie Hie Gin Asp Gin Ser Trp He Leu Phe Leu Pro Leu Ala 
75 80 85 

TTG GAG GAC TCA GGC ATC TAT CAA TGT GTT ATA AAG GAT GCC CAC AGC 400 
Leu Glu Asp Ser Gly He Tyr Gin Cys Val He LyB Asp Ala His Ser 
90 95 100 

TGT TAC CGA ATA GCT ATA AAC CTA ACC GTT TTT AGA AAA CAC TGG TGC 443 
Cys Tyr Arg He Ala He Asn Leu Thr Val Phe Arg Lye His Trp Cys 
105 110 115 120 

GAC TCT TCC AAC GAA GAG AGT TCC ATA AAT TCC TCA GAT GAG TAC CAG 496 
Asp Ser Ser Asn Glu Glu Ser Ser He Asn Ser Ser Asp Glu Tyr Gin 
125 130 135 

CAA TGG TTA CCC ATA GGA AAA TCG GGC AGT CTG ACG TGC CAT CTC TAC 54 4 

Gin Trp Leu Pro He Gly Lys Ser Gly Ser Leu Thr Cys His Leu Tyr 
140 145 150 

TTC CCA GAG AGC TGT GTT TTG GAT TCA ATA AAG TGG TAT AAG GGT TGT 59 2 

Phe Pro Glu Ser Cye Val Leu Asp Ser He Lys Trp Tyr Lys Gly Cys 
155 160 165 

GAA GAG ATT AAA GTG AGC AAG AAG TTT TGC CCT ACA GGA ACA AAG CTT 640 
Glu Glu He Lys Val Ser Lys Lys Phe Cys Pro Thr Gly Thr Lys Leu 
170 175 ISO 

CTT GTT AAC AAC ATC GAC GTG GAG GAT AGT GGG AGC TAT GCA TGC TCA 688 
Leu V&l Asn Asn He Asp Val Glu Asp Ser Gly Ser Tyr Ala Cys Ser 
185 190 195 200 

GCC AGA CTG ACA CAC TTG GGG AGA ATC TTC ACG GTT AGA AAC TAC ATT 7 36 

Ala Arg Leu Thr His Leu Gly Arg He phe Thr Val Arg Asn Tyr He 
205 210 215 

GCT GTG AAT ACC AAG GAA GTT GGG TCT GGA GGA AGG ATC CCT AAC ATC 784 
Ala Val Asn Thr Lys Glu Val Gly Ser Gly Gly Arg He Pro Asn He 
220 225 230 

ACG TAT CCA AAA AAC AAC TCC ATT GAA GTT CAA CTT GGC TCC ACC CTC 832 
Thr Tyr Pro Lys Aen Asn Ser He Glu Val Gin Leu Gly Ser Thr Leu 
235 240 245 

ATT GTG GAC TGC AAT ATA ACA GAC ACG AAG GAG AAT ACG AAC CTC AGA 880 
lie Val Asp eye Asn He Thr Asp Thr Lys Glu Asn Thr Asn Leu Arg 
250 255 260 

TGC TGG CGA GTT AAC AAC ACC CTG GTG GAC GAT TAC TAC AAC GAC TTC 928 
Cys Trp Arg Val Asn Asn Thr Leu Val Asp Asp Tyr Tyr Asn Asp Phe 
265 270 275 280 

AAA CGC ATC CAG GAA GGA ATC GAA ACC AAT CTG TCT CTG AGG AAT CAC 976 
Lys Arg He Gin Glu Gly He Glu Thr Asn Leu Ser Leu Arg Asn His 
285 290 295 

ATT CTG TAC ACA GTG AAC ATA ACA TTC TTA GAA GTG AAA ATG GAG GAC 1024 
lie Leu Tyr Thr Val Asn He Thr Phe Leu Glu Val Lys Met Glu Asp 
300 305 310 

TAC GGC CAT CCT TTC ACA TGC CAC GCT GCG GTG TCC GCA GCC TAC ATC 1072 
Tyr Gly Hie Pro Phe Thr Cys His Ala Ala Val Ser Ala Ala Tyr He 
315 320 325 



ATT CTG AAA CGC CCA GCT CCA GAC TTC CGG GCT TAC CTC ATA GGA GGT 1120 
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He Leu Lys Arg Pro Ala Fro Asp Fhe Arg Ala Tyr Leu lie Gly Gly 
330 335 340 

CTC ATG GCT TTC CTA CTT CTG GCC GTG TCC ATT CTG TAC ATC TAC AAC 
Leu Met Ala Fhe Leu Leu Leu Ala Val Ser He Leu Tyr He Tyr Asn 
345 350 355 360 

ACC TTT AAG GTC GAC ATC GTG CTT TGG TAT AGG AGT ACC TTC CAC ACT 
Thr Phe Lys Val Asp He Val Leu Trp Tyr Arg Ser Thr Phe Hie Thr 
365 370 375 



1168 



1216 



GCC CAG GCT CCA GAT GAC GAG AAG CTG TAT GAT GCC TAT GTC TTA TAC 1264 
Ala Gin Ala Pro Asp Asp Glu Lys Leu Tyr Asp Ala Tyr Val Leu Tyr 
380 385 390 

CCC AAG TAC CCA AGA GAA AGC CAG GGC CAT GAT GTG GAC ACA CTG GTG 1312 
Pro Lys Tyr Pro Arg Glu Ser Gin Gly His Asp Val Asp Thr Leu Val 
395 400 405 

TTG AAG ATC TTG CCC GAG GTG CTG GAG AAA CAG TGT GGA TAT AAG TTA 1360 
Leu Lys He Leu Pro Glu Val Leu Glu Lye Gin Cys Gly Tyr Lye Leu 
410 415 420 

TTC ATA TTT GGC AGG GAT GAA TTC CCT GGA CAA GCT GTG GCC AGC GTC 1408 
Phe He Phe Gly Arg Asp Glu Phe Pro Gly Gin Ala Val Ala Ser Val 
425 430 435 440 

ATT GAT GAA AAC ATT AAG CTG TGT AGG AGG CTG ATG GTC CTC GTG GCA 1456 
He Asp Glu Asn lie Lys Leu Cys Arg Arg Leu Met Val Leu Val Ala 
445 450 455 



CCA GAG ACA TCC AGC TTC AGC TTT CTG AAG AAC TTG ACT GAA GAA CAA 150 4 

Pro Glu Thr Ser Ser Phe Ser Phe Leu Lys Asn Leu Thr Glu Glu Gin 
460 465 470 

ATC GCT GTC TAC AAT GCC CTC GTC CAG GAC GGC ATG AAG GTC ATT CTG 1552 
He Ala Val Tyr Asn Ala Leu Val Gin Asp Gly Met Lye Val He Leu 
475 480 485 

ATT GAA CTG GAG AGA GTC AAG GAC TAC AGC ACC ATG CCC GAG TCC ATT 1600 
He Glu Leu Glu Arg Val Lys Asp Tyr Ser Thr Met Pro Glu Ser lie 
490 495 500 

CAG TAC ATC CGA CAG AAG CAC GGG GCC ATC CAG TGG GAT GGG GAC TTC 1648 
Gin Tyr He Arg Gin Lys His Gly Ala He Gin Trp Asp Gly Asp Phe 
505 510 515 520 

ACA GAG CAG GCA CAG TGC GCC AAG ACG AAA TTC TGG AAG AAA GTG AGA 1696 
Thr Glu Gin Ala Gin Cys Ala Lys Thr Lys Phe Trp Lys Lys Val Arg 
525 530 535 

TAT CAT ATG CCA CCC AGG AGG TAC CCG GCA TCT CCC CCC GTC CAG CTG 1744 
Tyr His Met Pro Pro Arg Arg Tyr Pro Ala Ser Pro Pro Val Gin Leu 
540 545 550 

CTA GGA CAC ACA CCC CGC ATA CCA GGC TAGTGCAGTG CCACCGCCAC 1791 
Leu Gly His Thr Pro Arg He Pro Gly 
555 560 

GGGGCTCATA ACTCCTTAAG AGCGGTTAGT GTGTGGTGGC TCGCACTACA ACCTCTCTGG 1851 

ATCATCTACC CCCGTAGCTT GCTCTTTTGT GCTTGTGAGC GACCTCGTCC TTAGCCACGT 1911 

CATATTTTGA TTTTTTGTTT GTTTTGTTTG TTTGTTGTAT GCTTTTAGTC ATAGCTGATT 1971 

CGTACTACTC CTGTTTGCTT CATGGTTCCT GAATCCCAGA GACTCCCTGA GCATGGGTGG 2031 

CTATCATGTT GGG 204 4 



(2) INFORMATION FOR SEQ ID NO: 4i 

{!) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 561 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE; protein 
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(xi) SEQUENCE DESCRIPTION: SEQ ID HQ: 4: 

Met Gly Met Pro Pro Lou Leu Phe Cys Trp Val Ser Phe Val Leu Pro 
15 10 15 

Leu Phe Val Ala Ala Gly Aen Cys Thr Asp Val Tyr Met His His Glu 
20 25 30 

Met lie Ser Glu Gly Gin Pro Phe Pro Phe Asn Cys Thr Tyr Pro Pro 
35 40 45 

Val Thr Asn Gly Ala Val Aen Leu Thr Trp His Arg Thr Pro Ser Lye 
50 55 60 

Ser Pro He Ser lie Asn Arg His Val Arg lie His Gin Asp Gin Ser 
65 70 75 80 

Trp He Leu Phe Leu Pro Leu Ala Leu Glu Asp Ser Gly lie Tyr Gin 
85 90 95 

Cys Val He Lye Asp Ala His Ser Cys Tyr Arg He Ala He Asm Leu 
100 105 110 

Thr Val Phe Arg Lys His Trp Cys Asp Ser Ser Asn Glu Glu Ser Ser 
115 120 125 

lie Asn Ser Ser Asp Glu Tyr Gin Gin Trp Leu Pro He Gly Lys Ser 
130 135 140 

Gly Ser Leu Thr Cys His Leu Tyr Phe Pro Glu Ser Cys Val Leu Asp 
145 150 155 160 

Ser He Lys Trp Tyr Lys Gly Cys Glu Glu He Lys Val Ser Lys Lys 
165 170 175 

Phe Cys Pro Thr Gly Thr Lys Leu Leu Val Aen Asn He Asp Val Glu 
180 185 190 

Asp Ser Gly Ser Tyr Ala Cys Ser Ala Arg Leu Thr His Leu Gly Arg 
195 200 205 

He Phe Thr Val Arg Asn Tyr He Ala Val Asn Thr Lys Glu Val Gly 
210 215 220 

Ser Gly Gly Arg He Pro Asn He Thr Tyr Pro Lys Asn Asn Ser lie 
225 230 235 240 

Glu Val Gin Leu Gly Ser Thr Leu He Val Asp Cys Asn He Thr Asp 
245 250 255 

Thr Lys Glu Asn Thr Asn Leu Arg Cys Trp Arg Val Asn Asn Thr Leu 
260 265 270 

Val Asp Asp Tyr Tyr Asn Asp Phe Lys Arg He Gin Glu Gly He Glu 
275 280 285 

Thr Asn Leu Ser Leu Arg Asn His He Leu Tyr Thr Val Asn He Thr 
290 295 300 

Phe Leu Glu Val Lys Met Glu Asp Tyr Gly His Pro Phe Thr Cys His 
305 310 315 320 

Ala Ala Val Ser Ala Ala Tyr He He Leu Lys Arg Pro Ala Pro Asp 
325 330 335 

Phe Arg Ala Tyr Leu He Giy Gly Leu Met Ala Phe Leu Leu Leu Ala 
340 345 350 

Val Ser He Leu Tyr lie Tyr Asn Thr Phe Lys Val Asp He Val Leu 
355 360 365 

Trp Tyr Arg Ser Thr Phe His Thr Ala Gin Ala Pro Asp Asp Glu Lys 
370 375 380 

Leu Tyr Asp Ala Tyr Val Leu Tyr Pro Lys Tyr Pro Arg Glu Ser Gin 
385 390 395 400 

Gly His Asp Val Asp Thr Leu Val Leu Lys He Leu Pro Glu Val Leu 
405 410 415 
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Glu Lye Gin Cys Gly Tyr Lyes Leu Phe He Phe Gly Arg Asp Glu Phe 
420 425 430 

Pro Gly Gin Ala Val Ala Ser Val He Asp Glu Asn He Lys Leu Cys 
435 440 445 

Arg Arg Leu Met Val Leu Val Ala Pro Glu Thr Ser Ser Phe Ser Phe 
450 455 460 

Leu Lys Asn Leu Thr Glu Glu Gin He Ala Val Tyr Asn Ala Leu Val 
465 470 475 480 

Gin Asp Gly Met Lys Val He Leu He Glu Leu Glu Arg Val Lys Asp 
485 490 495 

Tyr Ser Thr Met Pro Glu Ser He Gin Tyr He Arg Gin Lys His Gly 
500 505 510 

Ala He Girt Trp Asp Gly Asp Phe Thr Glu Gin Ala Gin Cys Ala Lye 
515 520 525 

Thr Lys Phe Trp Lye Lys Val Arg Tyr His Met Pro Pro Arg Arg Tyr 
530 535 540 

Pro Ala Ser Pro Pro Val Gin Leu Leu Gly His Thr Pro Arg He Pro 
545 550 555 560 

Gly 



(2) INFORMATION FOR SSQ ID HO: 5; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH? 8 amino acids 

(B) TYPE: amino acid 
(D ) TOPOLOGY; linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID WO: 5: 

Asp Tyr Lye Asp Asp Aap Asp Lye 

1 5 



(2) INFORMATION FOR SEQ ID NO: 6: 

(1) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 50 base pairs 

(B) TVPE: nucleic acid 

(C) STRANDEDNESS: single 
{D) TOPOLOGY: linear 

(Ki) SEQUENCE DESCRIPTION: SEQ ID ISO s 6: 

CTTCAACTGC ACATACCCTC CAGTAACAAA CGGGGCAGTG AATCTGACAT 50 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 51 baee pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY; linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
CCTCCCATAA CATCTGGGGA AGTCAGTGTA ACATGGTATA AAAATTCTAG C 51 



(2> INFORMATION FOR SEQ ID NO: 8? 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH r 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY : linear 



<xi) SEQUENCE DESCRIPTION: SEQ ID WO; 8: 



43 
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-continued 



CCTACTCGAG ATGTGGTCCT TGCTGCTC 29 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 33 base pairs 
{B> TYPE: nucleic acid 

(C) STRAMUSDNESS: singl© 

(D) TOPOLOGY: linear 

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

ATGCGCGGCC GCCTATCGAA AATCCGGAGC TGG 33 

What is claimed is; 7. An isolated nucleic acid molecule encoding a soluble 

2. An isolated nucleic acid molecule encoding an lnterleukin-1 Type 3 receptor, comprising the sequence of 

lnterieukin-1 Type 3 receptor, comprising the sequence of 2G nucleotides in Sequence I.D. No. 3, from nucleotide number 

nucleotides in Sequence LD. No. 1, from nucleotide number g9 i0 nucleotide number 1102. 

129 to nucleotide number 1814. 8. An isolated nucleic acid molecule encoding a soluble 

2. An isolated nucleic acid molecule encoding an lnterieukin-1 Type 3 receptor, wherein said molecule 

Interteukin-1 Type 3 receptor, wherein said molecule encodes a protein having the amino acid sequence of 

encodes a protein having the amino acid sequence of 25 $equeRce 1D No ^ from araino acjd number 1 to amino 

Sequence I.D. No. 2, from amino acid number 1 to amino acid num b er 33$ 

acid number 562. 9 A recombinant expression vector, comprising a pro- 

3 An isolated nuclei acid molecule encoding an ^ ^ to a ^ acoQrdi 

Interleukin-1 Type 3 receptor, comprising the sequence or r f J . . 1 ^ 

nucleotides in Sequence I.D. No. 3, from nucleotide number 30 to ^ one 01 cl * ms 1 }° 

89 to nucleotide number 1771. 10 recombinant v ir al vector capable of tectmg the 

4. An isolated nucleic acid molecule encoding an expression ot a nucleic acid molecule according to any one 
Interleukin-l Type 3 receptor, wherein said molecule of cla »™ 1 t0 * wherein said vector 1S seleCted from the 
encodes a protein having the amino acid sequence of & rou P consisting of retroviral vectors, adenoviral vectors, 
Sequence ID. No. 4, from amino acid number 1 to amino 35 and herpes simplex virus vectors, 

acid number 561 11 A host cel1 comain5 "g a recombinant vector according 

5. An isolated nucleic acid molecule encoding a soluble 10 claim y. 

Interieukm~l Type 3 receptor, comprising the sequence of 12 An isolated soluble lnterleukm-1 Type 3 receptor 

nucleotides in Sequence I.D. No. 1, from nucleotide number . having the ammo acid sequence of Sequence LD No. 2, 

129 to nucleotide number 1136. 40 fern ammo acid number 1 to ammo acid number 336. 

6. An isolated nucleic acid molecule encoding a soluble 13 An isolated soluble Interleukin4 Type 3 receptor 
interleukin-i Type 3 receptor, wherein said molecule ha ™g the amino aCid sequence of Sequence I.D. No. 4, 
encodes a protein having the amino acid sequence of from an}jno aCid ^ber 1 to ammo acid number 338. 
Sequence LD. No. 2, from amino acid number 1 to amino 

acid number 336. ***** 



